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Manual Part Number: 06012-90001 
Revision Date: August 1980 
About this Manual 

We’ve added this manual to the Agilent website in an effort to help you support your 
product. This manual provides the best information we could find. It may be incomplete 
or contain dated information, and the scan quality may not be ideal. If we find a better 
copy in the future, we will add it to the Agilent website. 

HP References in this Manual 

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett- 
Packard's former test and measurement, life sciences, and chemical analysis 
businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is 
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent 
8648A. We have made no changes to this manual copy. 

Support for Your Product 

Agilent no longer sells or supports this product. You will find any other available 
product information on the Agilent Test & Measurement website: 

www.aqilent.com 

Search for the model number of this product, and the resulting product page will guide 
you to any available information. Our service centers may be able to perform calibration 
if no repair parts are needed, but no other support from Agilent is available. 
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CERTIFICATION 

Howlott-Packard Company u'ertifies that thh product met its pubiisiwd specifications ot the time of shipment from 
the factory. Hewieth Packard further certifies that its calibration measurements arc traceable to the United States 
National Bureau of Standards, to the estent allowed by the Bureau’s calibration facility, and to the calibration 
facilities nf other International Standards Organisation members. 

WARRANTY 

This HowlQtt-Packsrd instrumoni product is worrsntod ogolnsl dofocls In matortal and workmanship for a period of 
ono V0or front data of shipment. During the warranty poriov', Hewlett-Packard Company will, at Its option, either 
repair or replace products which prove to be detective. 

For warranty service or repair, thia product must bo returned to a service facility designated by HP. Buyer shall 
prepay shipping charges to HP and HP shall pay shipping charges to return the product to Buyer. However, Buyer 
shall pay all shipping charges, duties, and taxes for products returned to HP from another country. 

HP warrants that its software and firmware designated by HP for use with an Instrument will execute Ifn piogramm- 
Ing Instructions when properly Installed on that Instrument. HP does not warrant that the operation of the Instru- 
ment, or software, or firmware will bo unlntorruplod or erro' free. 

LINUrATtON OF WARRANTY 

The foregoing warranty shall not apply to defects resulting from Improper or inadequate maintenance by Buyer, 
Buyer-supplied software or Interfacing, unauihori7ed modification or misuse, operation outside of the environmen- 
tal specifications for the product, or Improper site preparation or maintenance, 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED, HP SPECIFICALLY DISCLAIMS THE IMPLIED WARRAN- 
TIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 

EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT BE 
LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAt/lAGES, WHETHER 
BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEC.IY. 

ASSISTANCE 

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard pro- 
ducts. 

For any assistance, contact your nearest Hewlett-Packard Salas and Service Office, Addresses are provided at the 
back of this manual. 




Printed; August 1980 



SAFETY SUMMARY 



Tha following gonera! safety precouKons must be observed during ell phases of operation, service, and 
repair of this Instrument. Failure to comply with these precautions or with specific warnings elsewhere 
In this manual violates safety standards of design, manufacture, end Intended usi of the Instrument. 
Hewlett-Packard Company assumes no liability for tbo customer's failure to comply with these re- 
quirements. 

G -OUND THE INSTRUMENT. 

To mlnlmlzo shock hazard, tho Instrumont chassis and cabinet must bo conni'ctad to an olectricoi 
ground. Tho inetruiilont must bo connoctod to ' - power through o tliroo-conductor power cabio, with 
tho third wire hrmly connected to on eiectricoi ground (safety prourd) at tho power outiot. 

DO NOT OPERATE IN AN EXLOSIVE ATMOSPlWfiE. 

Do not opera to the instrument in tho presence of fiammabio gasor, or fumes. Oporoilon of any electrlcei 
instrumont I'j such an environment constitutes a definite safety no:ard. 

KEEP AWAY FROM LIVE CIRCUItS. 

Operating poruonnol must not remove instrument covers. Cumprnont roplacomont and Intornai ud- 
justmonte must bo made by quailfied maintrinanco personnei Do riot replace components with power 
cable ccrnectod, Undor certain conditions, dangerous voltages nay exist oven with tho power cabio 
removed To ovoid injuries, always disconnect pow er, disci iorge r ireuits and reinovo floating voltages 
before t juching components, 

DO IN’OT SERVICE OR ADJUST ALONE. 

Do no i attempt Intornai service or adjuatment unless another perron, capable of rendering first lid and 
roses' jitatlon, Is present, 

SA'/ET\’ SYMBOLS. 

^ Caution iiymboi. Advises tho operator to refer to t le instruction manual for aciditlonal information. 

I 

(7^ Indicates terminal Intended to bo connected to sy item ground. 

r/o NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT. 

f/ocauso of tho danger of introducing additional hazardn, do pot install substitute perts or perform any 
junauthorizod modification to the instmment, Return tho irstnimont to a Hewlott-Pockerd Sales and 
.Service Office for service and repair to ensure that safety ibatijres are maintained. 

/do not EXCEED INPUT RATINGS. 

' "This Instrument is equipped with a line fitter to reduce electromagnetic in- 

terference and must be connected to a proptrly grounded receptacle to 
minimize electric shock hazard. Operation at fine volmgas or frequencies in 
excess of those stated on the data plate may cause Itakage currents In ex- 
cess of 3.5mA." 
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SECTION I 

GENERAL INFORMATION 



1-1 DESCRIPTION 

1 -2 Hio Model 6012A Autoronglng Power Supply provided 
leboratory-grodo performance with the high efficiency of 
switching regulation techniques. Autoranging allows the 
supply to provide at loaat 1000 watts output power over a wide 
range of output voltage and current combfnotlons without the 
user having to select the proper output range. The output fa 
adjuatoble through the entire operating range of 0 to 60 volts 
and 0 to 50 amperes by 10-tum front-panel controls, 

1-3 The supply Is of the Constant Voitage/Constont Cur- 
rent (CV/CC) type, with green front-panel LEDs to Indicote 
whether the unit Is operollng in CV or CC mode. Output 
voltego and current arc continuously Indicoted on individual 
front-panel meters, A socondory scale on the »'oltmoter In- 
dicates Amperes Available within the maximum cutput-powor 
range; a eocondur/ scale on the ammeter indicates Volts 
Available, 

1-4 Overvoltage protection (OVPI protects tho user's lood 
by quickly and eutomotlcolly Interrupting energy tronsfor |f a 
preset trip voltage Is exceeded. A screwdriver control on the 
front panel sets the OVP trip point between 2V end 63V, A red 
LED on the front penal indicates |hat OVP has tripped, 

1-6 Output connections are medo to bus bars on tho rear 
panel. Either the positive or negative output terminal may be 
grounded, or tho output may bo floated up to ±240Vdc 
(including output voltogel from ground, 

1-6 Remote progromming, remote or local voltage sens- 
ing, end severol methods of operotlng multlplo-supplv com- 
binations for Incroesed output vol'tago or curront capability ere 
possible by making connoclloni to roar-panel terminals. Those 
capabilities ore more fully described In Section III. 

1-7 Tho 6012A Is considerably emallor, lighter, and 
dissipates leas power than older-dealgn supplies with similar 
output-power cepoblllty. Tho unit te fen cooled end Is pack- 
ogod In a Hewlett-Packard System ll-compotible modular 
enclosure, which Is sturdy, attractivo, end provides eosy ac- 
cess for servicing. 

1-3 SAFETY CONSIDERATIONS 

1-9 This product Is o Safety Close 1 Instrument (provided 
with a protoclive eorth terminal). The instrument and this 
manual should be reviewed (or safety markings end Instruc- 
tions beforo operation, 



1-10 SPECIFICATIONS 

1-1 1 Detailed spocIficetJons for tho power supply ere given 
in Table 1-1. 

1-12 INSTRUMENT AND MANUAL 

IDENTIFICATION 

1-13 Howloit-Packerd power supplies o;o Identified by a 
two-part serial number, Tho first port is tho serial number 
prefix, e number-letter combination that donotos (ho date of a 
significant design change and the country of manufacturo. 
The first two ■ilglts of tho prefix Indicate the year (20 “ 80, 21 
B 81, etc,), tho second two digits ln,f(coto the week, and tho 
latter "A" designates (ho USA os tho country of manufacturo. 
The second pert of tho aorlal numbor Is a different aoquantlal 
number esalgnod to each power supply, starting with 00101. 

1-14 If the serial number on your Instrument does not 
agree with those on the title pogo of this manust, o yellow 
Menuol Changes sheet supplied with the manust defines the 
difference between youi Instrument end the Instrument 
described by this manual, 

1-1B OPTIONS 

1-16 Options aro atandard factory modifications that aru 
requested by tho customer. Tho following options ere 
ovollablo with this Instrument. Option 002 is described In 
Appendix A, Option 100 is described In Appendix 8. 

Option No, Description 

002 Systems Option allows tho supply to operate 

automatically In system applications. Provides 
resistance, voltage, und current programming 
of output voltage end current; six Isolated 
status lines; throe Isoloted control tines; +6V 
end ± 1BV bias voltages. This option Is 
mounted on a alngla additional prlnted-circult 
board, which Includes a roar-ponel connector, 

100 Input Power: 87 to 106 Vac, 48 to 63 Hz, elnglo 

phaeo. Output: 675 W, BO V, 60 A. 

220 Input Power: 191 to 233 Vec, 48 to 63 Hz, 

einglo phase. 

240 Input Power: 206 to 260 Vec, 48 to 63 Hz, 

single phuse. 

610 One eddltionel operating end service manual 

shipped with the power supply for each Option 
910 ordered. 
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M7 ACCESSORIES 




Ttia System II Ceblnot occossortos llsfod below mcy 
Im ordered with tho pnwer supply or seperatefy from yourlocel 
Hswlott-Pockiird Sales and Sorvlco Office (see list of od> 
drosses el tho roar of this manuoll. 



H P Part No. Dcacdptlcn ! 



SOSI-OOSS Front ho idle kit for 6-1/4 Irich high coblnots, 

14(0-1345 Tilt sum,! It) snaps Into starjdord foot supplied 
with Instrument, must bo i[sed In pairs, 

606|>0077 Rack flange kit for 5-1/4 Inch high cabinets 
Ivvilt bo shipped with Instrument If ordered as 
Option 90S). 

606l-(X)63 Rack flango/front handle kit for 6*1/4 Inch 
high cabinets (will bo shipped with Instrument 
If ordered os Option 909). 



HE Port Wo. 


Dciorfption 


14944W18 


Slide kit for Installing 17-Inch deep cabinet In 
HP rack oncloauro. 


494-0026 


Tilt slide kit, samo as 1494-0018 plus permits 
(Itting Instrument up or down 90°. 


1494-0023 


Slldo adaptor kit, permits use of 1494-0016 kt' 
In non-HP reck enclosure of adoquoto depth. 


6C60-2800 


Control Board Extnr. tof card, 



1-19 ORDERING ADDITIONAL MANUALS 

1'2(' Ono manuol is shipped with aoch power supply, Ad- 
ditlcnal manuain may bo purchased directly from your local 
Howlott-Pocknrd Solos office. Specify tho model number, Itj- 
stniinont aerial number prefix, and (ho manual par^ number 
prov ded on tho title page, (When ordered at tho some tlmo as 
the power supply, additional manuals may bo purchased by 
oddir g Option 910 to the order and specifying the number of 
addltdnal monuols dcslrad,) 



Tabte 1-1. Spoclflcatlona, Modal 6012A 




All perfornionce specifications ere at rear terminals with a 
resiat've load, 

INPUT POWER 

Tw<) Internal switches and two Internal |un)pors permit 
operation from 120, 220, or 240 Voc ( - 13%, + 6%); 48-63 Hz, 
Maximum Input current la 24 A rms for 120 Vac, 16 A rms for 
220 Vac, and 14 A rms for 240 Voc. 

EFFICIENCY (Typical)! 

B0% on maximum output power boundary. 

INPUT PROTECTION: 

Tho cc Input Is protected by a rear-panel mounted 25 A cir- 
cuit breaker, 

PEAK INRUSH CURRENT (Maximum) 

120 Vac, 2 (.6 A 
220 Vac, 13.3 4 
240 Voc, 14.S A 

DC OUTPUT: 

Adlustablo (tom 0 to 60V and 0 to 60 A. Maximum output 
power is 1000 W et BOA, 1060 W at 60V, and approxlmatoly 
1200 V f at inid-range. Sea graphr 




OUTPUT CUSBCHT 

LOAD EFFECT (LOAD REGULATION): 

Constant Voltaue - Loss than 0,01% of output voltage plus 
6 mV for a load change equal to (ho maximum evalloblo cur- 
rent rating of tho supply at the s<h voluge. 

Constant Current • Loss than 0.01% of output currant 
plus 5 mA for a lood change equal to tho maximum available 
voltage rating of tho supply at tho sot current. 
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Table 1>1. SpecKIcotloni, Modal G012A (conllnued) 



SOURCE EFFECT (LINE REGULATION)! 

Conatant Voltaga • Lota (han 0.01% of output voltapo plu# 
3 mV for any |{}icrvbltaflo change within rating, 

Conatant Current ■ Leas than 0.01% of output current 
plus B mA for any line voltage change witiiln rttlng, 

PARD (RIppIo and Nolao), 20 Hz to 20 MHz: 

Constant Voliao a • Less than B mV rms and 60 mV p*p. 
Conatant Current » Lots than 28 mA rms. 

TEMPERATURE COEFFICIENT: 

Conatant Voltage • Loss than 0.01% plus 2 mV change In 
output per degree Celtius change In ambient after 30-mlnuta 
warmup. 

Constant Curre n. • Less than 0.01% plus 4 mA change 
In output per degree Celtius change In ambient after 
30-mlnute warmup. 

DRIFT IStablllty): 

(Change In output over an S-hour Interval under conatant 
lln.i, load, and ambient temperature after 30*mlnuto warmup). 
Constant Voltaga • Less than 0,03% of output plus 6 mV. 
Constant Client - Less than 0.03% of output plus 6 mA. 

LOAD TRANSIENT RECOVERY TIME; 

Less than 2 mt is required for output voltage recovery (In 
constant voltage operation) to within 100 mV of the nominal 
output following a change In output current of 10% of max> 
Imum current rating st eny output voltage (output current 
l&BA). 

RESOLUTION: 

(Minimum output voltage or currant cliange that can be ob- 
tained using the 10-tum front-panel controls). 

Conatant Voltage ■ 20 mV 
Constant Current - 20 mA 



OVERVOLTAGF PROTECT)ON: 

Trip voltage adjustable from 2 V to 63 V, Minimum Betting 
above output vo'toge to avoid false tripping It 1.6 V + 1% of 
''OUT. 

REVERSE VOLTAGE PROTECTION: 

(Maximum permissible current cautod by reverse voltage 
Impressed across output tarmlnfli) 60 A cr.Mlnuous, 20 A 
conlinuout with oc power off, 

REMOTE SENSING: 

Maintains nomlnol voltage at load by correcting for load- 
lead voltage drop of up to 0.6V per load, 

REMOTE PROGRAMMING: 

Resistance Programming - 0 to 2.6 k provides zero to max- 
Imum rated voltage or current output, 

Accuracy: CV; 1% + 3 mV CC; 2.6% +16mA 
Vritage Programming - 0 to 6V provides zero to maximum 
rated voltage or cur^nt output. 

Accuracy: CV; 0,3% + 3mV CC; 1% +1BmA 
Current Programming - 2 mA to 0 mA current sink provides 
zero to maximum rated voltage or current output (with user- 
provided 2.6k resistor). 

Accuracy: CV; 0.3% + 0.42V accuracy of resistor 
CC; 1 % 'f 0.6A + accuracy of resistor 

PROGRAMMING RESPONSE TIME: 

Maximum time (or output voltagr/ to change from 0 V to 
60 V or 60 V to 2 V and settle with'n 200 mV bond. 



Up; Full load 13.40) 120 ms 

No Load 120 ms 

Down; Full Load (3.40) 400 rns 

No Load 1,2 s 



OUTPUT IMPEDANCE '.Typical); 
0.2 mO <S> dc. See gm/ph; 




lOCHl Ikjfl lOOMft 



DC OUTPUT ISOLXTION: 

Either output terminal may be floated up to ±240 Vdc 
(Including output voltage) from ground. 



Typical response time to settle wii'hin 200 mV bond, for 
excursians other then full-scale, 

put voltage and final output voltage; add settling time of 200 
ms & full load or 330 ms (g) no load. 







Table M, Opoclflcatlona, Modol 6012A (continued) 



Up; On gropb, road timo for ctianno In output voltogo. 




CURRENT MONITORING OUTPUT: 

0 to 6 V output from roor^panal torminol Indicates ;:ero to 
maximum rated current output; accuracy, 1% + 10 mV; out- 
put Impedance, lOfc. 

METERS AND INDICATORS: 

Voltmotor - Continuously reading 70 V scale with secondary 
scale Indicating amperes available; accuracy, ± 3% of full 
scale. 

Ammeter - Continuously reading 60 A scale with secondaiy 
scale indicating volts available; accuracy, ± 3% of full scale, 

VOLTAGE Indicator - Green LED Indicates Constant 
Voltage operation. 

CL'^RENT Indicator - Green LED Indicates Constant Cur- 
rnr.t operation. 

OUTPUT UNREGULATED Indicator • Rod LED Indicates 
that output is unregulated because of any of the following 
conditions; ovarrango operation, ovarvolioge, over 
temperature, or low-input-power shutdown. 

OVP Indicator • Rod LED Indicates shutdown coujcd by 
voltage at output temiinals exceeding preset limit. 

OVERIEMPERATURE Indicator - Red LED Indicates shut- 
down becauBo of FET or output diode overtomporature 



MULTIPLE UNIT OPERATION; 

Auto Parallel • Any number of units may be connected In 
parallel to Increase total output current capobllity while main- 
taining control from o single unit. 

Auto-Serlea - Up to four units (eight if center-topped to 
ground) may bo connected In series to Increase total output 
voltage to 2^ Vdc (480 Vdc If center-tapped to ground) while 
maintaining control from a single unit. 

Aiito-Tracklng • Any numbe of units may hove either one of 
ihdir output terminals connected to a common bus so that all 
outputs track, at some fraction, the output of a single, 
controlled, unit. 

TEMPERATURE RATINGS; 

Operating; 0 to +60“C Storage: -40 to +76“C 
Unit Is fen cooled. Thermostats turn off unit If FET or output 
diodo temparotures rise above e critical lovol; reset 
automatically. 

BACKPRESSURE; 

Unit will operate against static backpressure at air outlet 
(rear panel) of up to 0.06 (nchos of water (air Inlet at 0 Inches 
of water). 

CERTIFICATION: 

Unit complies with those requirements; 
lEC 348 - Safen/ Requirements for Electronic Measuring 
Apparatus. 

C3A EInctrIc/il Bulletin 666B - Electronic Instrumonls end 
Scientific Apparatus for Special Use and Applications. 

VDE 0871/0.78 Lovel A • RFI Supprosslon of Radio Frequency 
Equlpn^nt for Industrial, Scientific, and Medical (ISMI 
and Similar Purposes. 

VDE 0411 - Electronic Measuring Instruments and Automatic 
Controls. 



DIMENSIONS; 

See Figure 2-1, 

WEIGHT: 

Net; 16 kg 133 lb| Shipping: 16 kg 136 Ibl 
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SECTION ii 
INSTALLATION 



2-1 IIMITIAL INSPECTION 

2-2 Boforo shipment, thin Instrument was Inspactod end 
fcimd 10 bo free of mcchontrol end olociricol defects. As soon 
as the Instrument Is unpacked, Inspect for any damage that 
moy hove occurred In uonalt, Sovo all packing materials until 
the inspection Is completed. If damage Is found, file claim with 
carrier Immediately, The Hewlott-Pockord Bolen and Service 
office should bo notified as soon as posdblo, 

2-3 Moohanic/il Check 

2-4 Tills check should confirm thot there ore no broken 
contmls, connociors, or Indicators, ihot the cabinet end panel 
surfaces ore not dented or scratched, end thot the meters and 
plastic cover on roar ponol ore not scratched or crocked. 

2-S Electrical Chock 

2-6 Section V of this manuol contoino complete vorlflco- 
tion procedures for this Instrument. Sqcilon III contains nn ab- 
breviauid chock which can bo used quickly to pleca the unit In- 
to oporallon. Refer to the tnsldo front cover of the monuol for 
the Certification and Warranty ntaiemonts. 



2-7 REPACKAGING FOR SHIPMENT 

2-S To Insure eofo shipment of the inslmmont. It Is rocom- 
mondod that the package designed for the Instrument bo 
uc^. The originol pockaging moterla! Is reusoble. If It Is not 
avslloblo, contact your locol Hewlett-Packard Solos end Ser- 
vice office to obtain the materials. This office will also furnish 
the address of the nearest servlco office to which the instru- 
ment can bo shipped. Be sure to otiach a teg to the instrument 
specifying the owner, model number, full serloi number, and 
service required, or a brief description of the trouble. 

2-9 PREPARATION 

2-10 In order to be put Into service, the 6012A must bo 
connected to an opproprloto ec input power source. Abo, the 
line voltage for which the unit is sot end the roar-ponol circuit 
breaker must be chocked. Addltlonol stops may Include llno- 
vullege conversion ond reck mounting. Do not apply power to 
the Instrument boforo reading peragrophs 2-1B ond 2-17. 

2-11 Locotion and Cooling 

2-12 The liistrumant is fan coolod and must be Installed 
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Figure 2-1. Outline Dlecram 
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with BUflldont Bpnco bohind iho Inatrumont for oir oxtioust, It 
Bhoutd bo UBod (n un area whero iha omblont tomparoiuro does 
notoxctwd 



CAUTION 



Tt\e ti»tnim«nt should not bo Installed In a 
forced-alncoolcd rack enclosure In which the 
static air pressure exceeds O.OS Inches of water. 
Static air pressure behind the Irstrument 'of 
greater than O.OG Inches of water will prevent pro- 
per air flow thorugh the Instniment end allow the 
Instrument to overheat. 



2"13 Outline Diagram 

2-14 FlQuro 2-1 llluBtrotos iho outlino ahopo and dlmon- 
Blons of Iho cablnot, 

2-1B input Power Rcqulremonts 

2-10 The aupply may be operated from a nominal 120V, 
220V, or 240V Blnote-phaBO ac povvar source, 48-03 Hz. Tho In- 
put voltage range and Input current required for each of the 
nominal Inputs are listed below. 



Nominal 


Lino-Voltage 


Maximum 


Voltage 


Renas 


Input Current 


120' 


104-127 


24A 


220V 


181-233 


16A 


240V 


206-260 


14A 



2-17 Pawor Connection 



CAUTION 



Connection of this Instrument to an ac power 
Source should be done only by an electrician or 
other qualified personnel. Before connecting the 
Instrument to the ac power source, check the 
label on the rear panel to ensure that the Instru- 
ment Is set for the ac voltage to be used. If 
necessary, the user can convert the Inshumont 
from one line voltage option to another by follow- 
ing the Instructions In paragraph 2-25, 



2*18 Input power Is connected to the Instrument via the 
AC Filter Assembly on the rear panel, Tho power cord must be 
a throe-conductor cord rated for at least 85X. For 120V 
operation, each conductor must be AWG 112 or larger. For 
ii?pV or 240V operation, each conductor must bo AWG #14 or 
larger. Larger wire sizes may bo required to prevent excessive 
voltage drop In tho ac Input. 



I WARNIN^ 

Do not use three Individual wires to connect 
power to the Instrument, The strain relief on the 
rear panel Is designed for use only with e single 
three-conductor cord, 

2-18 To connect Input power to tho Instrument, proceed 
as followa; 

a. Remove four scie-vs, one In each corner^ that secure the 
AC RItor Aaaombly to tho rear panel, and carefully pull the 
asrembly away from tho roar panel. 

b. Prepare tho power cord as shown In Rgure 2-2 and Insert 
tho cord through tne strain relief on tho AC Filter Assembly, 

c. Connect the longer load to tho QND terminal; connect 
one of tho two shorter loads to the AC terminal ("hot" side of 
the ac lino} end tho other to tho ACC terminal r'neutrar or 
"common" side of tho oo line}. 

d. Position the cord so that tho stialn relief grips the outer 
jacket of tho cord, and tlghtan tho strain ronuf, 

0 , Replace tho AC Filter Assembly. 

t. Connect tho other end of tho power cord to on ap- 
propriate ac power source. 




NOTE 

Connections to these power line must be made In 
accordance with appl'rable electrical codes, 

I WARNING I 

For proper protection by (he Instrument circuit 
breaker, (he wire connected to the AC terminal on 
the Instrument must be connected to (he AC side 
of the line (hot); the wire connected to the ACC 
terminal must be connected to the ACC side of 
the tine (neutral or common!. 

To protect operating personnel, the wire con- 
nected to the ijND terminal must be connected to 
earth ground. In no event shall this Instrument 
be operated without an adequate ground 
connection. 







CAUTION 



Before appHng power to the instrument, check 
to see lhat the resr-penel circuit braeker CBt is in 
the NORMAL (up) position (breaker may trip 
because of rough handling during transit), if the 
breaker trips whlhl power is on, or if the breaker is 
found to be tripped at any time for unknown 
reasons, refer to ; troubleshooting procedures in 
Section V, 

2vZ0 Rack Mounting 

2*21 This InslrvitTiont can bo rack mounted In a etendord 
19-inch rack pe •'5 o» snc|6Buro, All rock mountino occosaorlos 
for this unit aid Utod ,.lio ACCESSORIES paraoroplt In Sec- 
tion I. Complete Installation Instructions ore Inr^jdad with 
each rack mountlnp Ht. 

2*22 AC LINE IMPEDANCE CHECK 

2-23 The 6012A la dosloned for proper oporatlnn with lino 
Impodonca typically found In nc power lines. However, If the 
6012A Is connected to on oc power lino having high Im- 
pedance combined with tine voltage near the minimum 
specified value (e g,, 104 Vac for nomit'al I.TO Vac|, some 
components moy overheat If the unit Is ojkcd to provide full 
rated output pokkor. Such a situation might occur If the 6012A 
is connected to ac power on extended distance from the main 
oc distribution terminals and/or If the oc power wires from the 
main so distribution terminals are of relatively small gouge. 

2-24 Measurement of ac lino voltage at the 6012A Input 
tennlnols typically Is not a reliable Indication of the actual ac 
line voltage because of the peak-clipping effect of the power 
supply and the avaraglng effect of the voltmeter. Symptoms 
of oxcesalvo lino Impedance may hdudo erratic or no output 
from the 6012A ond/cr Inability of the 6012A to provide full 
output power. If there Is reason to suspect the oc power lines 
to the 6012A may hove high Impedance, perform the following 
chock; 

f WARNING I 



This check should be performed only by service- 
trained personnel who are owere of the hazards 
involved (for e>tample, fire and eiectricai shock). 
Turn power supply off before making or breaking 
connections to power supply. Hazardous voltages 
are present within the unit even when power 
switch Is turned off. 



a. Remove throe screws that secure lop cover to roar panel; 
slide cover to roar and lift off. 

b. Monitor unregulated +6V (pin K1 with respect to com- 
mon (pin E) at test connector P2 on top edge of contrcl board 
(see Section VIII. If +6V unregulated Is loss than 12 
volts, 6012A Is not receiving adequate ao lino Input. If +6V 
unregulated a 12 volta, proceed to stop c. 

c. Connect vorloble load (Table 6-1 lists rocommondod load) 
to 6012A, turn VOLTAGE and CURRENT controls to max- 
imum (fully CWI, and adjust lood for BOA output current, 
0012A output voltego should bo a:22V; If It Is not, proceed to 
Ip calibration procedure In Section V. If p calibration Is cor- 
rect but unit does not provide &22V at BOA, 6012A Is not 
receiving adequate ac line Input. 

2-26 LINE VOLTAGE OPTION 
CONVERSION 

2-26 Lino voltage conversion is accomplished by adjusting 
three components; the two-section line select switch S2, and 
jumpers W1 and \W. Figure 2-.1 shows the locations of these 
components at the cantar-roar soctlcn of the main board. To 
convert the Instrument from one line voltage option to 
another, proceed as follows: 

a. Disconnect line cord from power source, and wait 120 
Boconda. 

b. Remove top cover from Instrument by removing thr t 
screws (one on each side and one in center) that sacuro cover 
to rear panel; slide cover to roar and lift off. 

c. Use a small-blade screwdriver to sot the two switch sec- 
tions of S2 to match the pattern silkscroenod on main board 
(or nominal line voltage to be used. For example, to sot 
switches for 120V operation (as illustrated In Figure 2-3), move 
forward switch section so that its white slot Is toward front of 
Instrument and move rearward switch section so Its white slot 
Is toward roor of Instrument. 

d. One end of W1 Is soldered to main board; the other end 
has a female quick-connect terminal that (Its onto one of two 
terminals soldered to main board. For 120V operation, Wl 
must be connected to terminal closer to front of Instrument 
(os shown In Figure 2-3). For 220V or 240V operation, Wl 
must be connected to terminal closer to rear of Instrument. Be 
certain that jumper is firmly mated with terminal on mein 
board. Do not grip jumper Insulation with pliers; either grip 
jumper wire by hand or grip jumper torminol with pliers. 

a. Jumper W2 is similar to Wl. For 120V operation. WZ 
must bo connected to temiinal closer to rear of instrument (as 
shown in Figure 2-3). For 220V or 240V operation, W2 must be 
connected to terminal closer to front of Instrument, Bo certain 
that jumper is firmly mated with terminal on main board. Do 
not grip jumper Insulation with pliers; either grip jumper wire 
by hand or grip jumper torminol with pliers. 

f. Replace top cover and mark the Instrument clearly with a 
tag or label Indicating correct lino voltage to be used, 
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SECTION III 

OPERATING INSTRUCTIONS 



3-1 INTRODUCTION 

3-2 This sociton doocribos tho oporotlno controls end in- 
dlcotofs, turn-fjn chockciyt procodurea, end oporatino pro- 
cedures end consldoretlona for tho Model G012A. 



Befom th« instrument (s turmi^ c^\ uHproteciive 
earth terminals, extension curds, buto- 
trensfurmers, end devices connecter to It should 
be connected to a protective earth ground. Any 
Interruption of the protective earth grounding will 
cause a potential shock hazard that could result In 
personal Injury, 



3-3 Only fuses with tho required current roting end 
specified typo should bo used. Do not uae short dreuitod 
fuseholdors or circuit brookors. To do so could cause o shock 
or fire hazard. 

3-4 TURN-ON CHECKOUT PROCEDURE 

3-B The followino checkout proesdurs describes tho use 
of tho front-panel controls end Indicators Isoe Figure 3*t| end 
ensures that the supply Is operational. This check should be 
performed when tho unit Is first received. If the supply falls to 
perform properly, proceed to the troubleshooting procedures 
In Section V. 

e. Ensure that reer terminal board streps ere connected os 
shown In Figure 3-3, but do not connect load. Chock that roar- 
panel label Indicates unit is sot for line voltage to bo used. If It 
Is not, refer to Section II, Line Vnltego Option Conversion. If 
unit Is equipped with System Op tion 002 ensure that option 
cable is disconnected from rear-pnnot option conriector before 
proceeding. 

b. Ensure that CURRENT connol @ is rotated clockwise at 
least two turns end OVP ADJUST potentfomotor @ 
(screwdriver adjust) Is fully clockwise. 

c. Press pushbutton LINE switch 0 on Ipushbutton In) 
and observe thot green LINE Indiiator turns on ottd that fan 
operates. 

d. Turn VOLTAGE control 0 through output voltage 
range of unit as indicotod on voltmour @ . Green VOLTAGE 
light 0 should bo lit across entire rot go Indicating thot supply 
Is In constant voltage mode. 

0 . Check overvoltage circuit by turning OVP ADJUST con- 
trol counterclockwise until output vjitage drorta. Output 
voltogo should dr^to -0 volta and reo OVP0eitd OUTPUT 
UNREGULATED 0 indicators should llpht. 



f. Reset overvoltage circuit by returning OVP control to 
maximum clockwise position and turning supply off for ot 
least two seconds and then back on. Output voltage should 
return to value sut In stop d. 

g. To check constant current circuit, turn off supply end 
connect short (AWG ;f8 or lorger) across + ond - output ter- 
minals on roar ponot. Ensure that VOLTAGE control is rototod 
ot least two turns clockwise. 

h. Turn supply bock on and rototo CURRENT control 0 
through output current range of unit os Indicated on ammeter 

(Tj) . Green CURRENT light 0 should bo on across onllro 
range Indicating that supply Is In constant current mode. 

I. Turn off supply, remove short from output, ond reed ro- 
mnlnder of operating Instructions before connecting ectuot 
load to supply. 




Figuro 3-1, Front Panel Controls and Indicators 



3-6 CONNECTING THE LOAD 

3-7 Lood connections to tho power supply ore mode ot 
roor-ponol +• and - bus bars. Wires may bo connected to any 
of the three pairs of connecting scrows on iho bus bore. 
Stranded wires should be terminated with on opproprialo size 
terminal. To satisfy safety requirements, tho wires to tho lood 
should bo at least heavy enough not to overheat while carrying 
tno power supply output current ttmt would flow if the toad 
ware shorted. Table 3-1 lists some siriglo wire sizes ond two- 
wlro combinatiuns, ond tho currenvcorrv'ng capecih' they pro- 
v’ldo. Generally, heavterwire than that listt'd In Tebte3-I Isra- 
qiu'red to Obtain good regulation at the toad, H the load regula- 
tion is critical, use remote voltage sensing (refer to Paragraph 
3-37), 
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Table 3-1. Copper Wire Current-Cerrvlno Capeoltv 



wire Type 
tiioto 1) 


20A 


XA 


40A 


GOA 


B0°C Stranded 




1 -m 




1 • 10 




2-114 


2- #12 


■SBI 


2 - #10 


00°C Solid 


1-110 


1 -#8 


1 -10 


1 - w 




2-114 


2- #12 


2- #10 


2-#0 


106°C Stranded 


1-114 


1 -#12 


1 -#10 


1 -#10 




2-110 


2- #14 


2- #12 


2 - #12 


10d“C Solid 


■nm 


! - #10 


1 -#8 


1 -fO 




Warn 


2 - #12 


2 - no 


2 -#10 



Notoa: 

t, Maximum ollowoblo conduclor lomperoluro based on 60®C amblont tamporaturo plus 20“C or 46“C tamperaiuro 
rise duo to contlnuoua do current. 

2. Copodttoe based on assumption that + end - teoas ure twisted together to reduce noise nickup. 

3. Otiior wire combinations can also be used to provide the copadtiee iisted In this table, Note that Increasing the 
number of conduotora In o bundle does not Incraaso the current-corrvino capacity by the number of conductors, 
(EG; Two 110 wires bundled together provide only 1.B9 times the curront-cerrYing copacity of one 110 wire.} 

4. Current carrying capacity of aluminum wire is approxlmotely M% of that Iisted for copper wire. 



3-0 The bus beru end terminal strip ere protected by e 
high-impact plastic cover, which Is secured to the unit with 
two 7/6-Inch iT6-32 screwa. Wires to the bus bars and terminal 
strip pass through slots in the cover. Go certain to replace the 
cover after making connections, 

3-9 If multiple loads are connected to one supply, each 
load should bo connected to the supply's output termlnols 
using separate pairs of connecting wires. This minimizes 
mutual coupling effects between loads and takes full advan- 
tage of the supply's low output impedance. Eoch pair of con- 
necting wires should be us short os possible and twisted or 
shielded to reduce noise pickup, 

3-10 If load considerations require the use of output 
distribution tarmlnals that are located remotely from the sup- 
ply, then the power supply output terminals should be con- 
nected to the remote distribution terminals by a poir of twisted 
or shielded wires and each load should be soporately con- 
nected to the remote distribution temtinals. Remote voltage 
sensing Is required undor those circumstances (Poregraph 
3-371. 

3-11 Either podtive or negative voltages can be obtained 
from this supply by grounding one of the output terminals. It Is 
best to evoid grounding the output at any point other then the 
power supty output te.Tnlnels to avoid regulation problems 
caused by common-mode current flowino through the load 
leads to ground. Always use two wires to connect the load to 
the supply regardless of where or how the system Is ground- 
ed. Never ground the system at more than one point. This 
supply can bo operated v^th either output terminal up to t240 
volts do (including output voltagol from ground. 



3-12 The PARD specifications In Toble 1-1 opply ot thx 
power supply output termlnols. However, noise spikes 
Induced In the load loads ot or near the lood may affect the 
toad although tlio spikes ore Inductively Isolotod from the 
power supply. To minimize voltage spikes at the load, connect 
a bypass capacitor bu shown In Figure 3-2. With this setup, 
peak-peak noise at the load con actually be reduced to a level 
well below the volue specified at the 6012A output terminals. 

3-13 Gefore operating the power supply, rend the 
paragraphs In this section concerning protective circuits, nor- 
mal operating mode, and any sections of altemete operating 
modes tele' ant to your application. 




Figure 3-2. Connecting a Bypass Capacitor 
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3-14 PROTECTIVE CIRCUITS 

3-16 Protoctlvo circuits williln llii inetrumont may limit or 
turn oil iho output In caoo of obnortral conditions. Tho cousd 
for Uis proiocilvo ootion con bo dotormlnod by obsoivtno tho 
front'ponal Indicators ond moto’v. An cvarronQs condition Is 
indicotod by tho OUTPUT UNREOULAT^.D Indicotor on, nil 
othor Indlcotors off, and tho VOLTS and .^MPEnES motora 
roadlng rolativoly high. An ovenoltogo condition Is Indicotod 
by both Iho OVP snd OUTPUT U iIeqULATEO indicators on, 
oil othor Indlcotors off, and tho inalors rending nsnr zero. An 
ovortomporoturo condition lo. I d[|;atod by both Iho 
OVERTEMPERATURE PR3Tt:r|ON ond OUTPUT 
UNREGULATED Indlcotora on, oil olhor Indlcotors oh, and the 
motors dropping towir^ from tho roodlngs thst oxlstod 
whon the ovortomporoturo condition occurred. If iho oc Input 
voltoQo drops below opproxlmotoly 70% of nomlnol, tho bios 
voliogo dotoclor will smA down tho output, In this coao, Iho 
OUTPUT UNREQUUTED indicotor Is on, oil othor Indicators 
ore off, and tho motors rood zero Immodlotoly, 

3-16 OPERATING MODES 

3-17 This power supply Is i‘oslgned so that Its mode of 
operation con bo soloctod by moki ig stropping coni octions on 
Its roor punol, Normcl oporotlng mode for this power supply 
USDS loco! programming of tho output voltogo and co.ront via 
tho front-panel VOLTAGE end CURRENT controls, and local 
sensing of tho output voltogo, Altornoto oporotlng modes 
allow use of romoto programming, romoto voltogo sensing, 
ond multlplo power supply combinations, 

3-10 Tho following porogrophs first doscribo operating 
considerations with tho normal oporotlng mode, using tho 
strapping pottorn os It Is connocted ot tho factory, Lotor 
porogrophs cover eliernoto oporotlng modes, Tho oporotlng 
considorailons dcscribod with normal mode, such as constant 
voltago/conetont current crossover, ovorrongo, constant 
voltogo ond censtont current oporetion, and overvoltogo pro- 
toctlon apply to tho oltomote modes os well os to normal 
modo, Mora thoiyotlcol descriptions regarding tho operational 
features of powo^ supplies in gonorol ore given In the DC 
Power Sutrply Handbook, Application Note 906 lovalloble at 
no charge from your locol Howlott-Pockord Sotos Offioiil. 

3-19 NORMAL OPERATING MODE 



3-20 Tho power supply was shipped with tho proper 
roor-ponol stropping connections modo for constant 
voltogo/consUint current operation with loco! sensing ond 
locol prcgrommlng. This stropping pattern Is illuslrotod In 
Figure 3-3. By meons of tho front-panel voltogo and current 
controls, tho operator selects oitnor o conitont voltogo or o 
constant current output es described In Porogrophs 3-27 or 
3-29. Whether tho supply functions In iho conslont voltogo or 
constant current mode depends on tho settings of the 
VOLTAGE and CURRENT controls and on the voluo of tho 
load roslstonco. 




Figure 3-3, Normol Strapping 



3-21 I Iguro 3-4 shows tho overoll output range of the sup- 
ply, with 'iVeo Bomplo operating loci. Locus 1 I: estobllshod 
with a VOLTAGE setting of 20V ond o CURRENT sotting of 
QA. For any values of load roslelonco graater than tho 
crossover volui- of 2.B ohms, the supply o(ioretes in conetont 
voltogo mode. I^or voluos of food roslstonco loss than the 
crossover volue, the supply operates In constont current 
mode, Tho trar.sitiun occurs smoothly end automatically; no 
switcMos need bo operotod or conmcllons changed, Tho 
front-ponel VOLTAGE and CURRENT lights Indicoto which 
modo Is operating. 




Figure 3-4. Overall Output Range with Three Semple 
Operating Loci 
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3-72 .Locuu 2 r« oatsbilahed with VOLTAGE soitino of 40V 
'tipd 0 COnnENT aotllnQ of 30A. Its croaaovor load roalatanco 
la 1.3 ohma, and Koa on tho rotod-output'powQr boundary. 

3-10 fif recuinoulor oporotino loct>s will bo eatabllahod for 
all voltaga and cumint aattlngs within tho ratod-output-powor 
boundary, and tho load roalatanco doterminoa whero on that 
locua Uvi power eupply oporotea, Howovor, If tho VOLTAGE 
and CURRENT conirola oro aot so thot tho boundary can bo 
cKCoodod, aa In locus 3, tho auppty will go Into ovenango If tho 
bad roalatanco falls ^ihln o critical bond (mfor to next 
partoroph). 

3*2i4 Ovorranoo. Tfio supply will bo driven into overranQS 
(shaded otoo of Figure 3-4) If tbo VOLTAGE and CURRENT 
controls ore sot above tho output power rating end tho load 
roalatanco folia within a critical band. For example, ussumo 
that tJio operator sots tho VOLTAGE control at BOV end tho 
CURRENT control ot 40A, as In locua 3 on Figure 3-4. For all 
load roalotancos above 2,2 ohms (which la tho critical value) 
tho supply wpuld operate normally In tho constant voltage 
mode. If the load resistance were to foil much bolow 2.2 ohms, 
howovor, tho eupply would bo forced Into overrango. If the 
lood resistance continued to decroaso to a 0.7 ohm 'value, tho 
supply would automatically come out of ovorrongo and Into 
tho cona’ont curtont mode at tho <WA, 26V point. (The supply 
Vi-{|l probably go out of regulation while operating In tho over- 
range region, refer to Paragraph 3-26.) 

3-23 Anytime tho supply oporetee In ovorrsngu, the 
VOLTAGE and CURRENT Indicators turn off and tho OUTPUT 
UNREGULAIED Indicatoi lights. Tho VOLTS and AMPERES 
meters Indicate tho voltage and current being supplied to tho 
output, (Tho product of tho two readings will exceed 1000 
wahS.) Paragraph 3-14 Identifies conditions other then over- 
range wliich cause the OUTPUT UNREGULATED l.idicolor to 
light. 

3-26 Thu supply con operate in tho ovorrenge region 
(beyond the reted-output-powor boundary) for sustained 
periods without bsing damaged, hiowover, tho supply is not 
guorentoed to meet specif icotlo ns In over range. Output rippb 
Increases substantially and regulation Is Bertously degraded. 
Aa an operator aid, tho moximum avaltabto load cunent for 
each voltage setting Is Indicated on a secondary scale of tho 
voltmeter, Similarly, the maximum evsHahle load vnitago for 
ooch current senlng Is Indicated on the ammeter. 



NOTE 

Under certain conditions of line and load. It Is 
possible for the supply to provide more than rated 
output power end still maintain regulation. If this 
occurs, the unit will operate nomiafly and the 
OUTPUT UNREGULATED Indicator will be off. 
However, the slightest change In either line or 
load may causa the unit to go out of regulation. 
Operation of the unit beyond the rated-output- 
power boundary is not recommended under any 
circumstance. 



3-Z7 Constant Voltogo Operation 

3-28 To adjust tho supply for constant voltage oporatlont 

a, Turn on supply end, witli output terminals open, adjust 
tho VOLTAGE control for tho desired output voltage. Then 
turn power off. 

b. Connect a ehort across tho roar-panel + end - output 
to'mlnala, reatora power, and adjust tho CURRENT control for 
the desired moximum output current, Than turn power off tmd 
remove tho ahort. If a load chongo reuses this currrent limit to 
bo exceeded, the supply outomalicaiiy crosses over to con- 
stant current operation at this preset current limit and tho out- 
put voltage dropa proporlionotoly. In setting tho current limit, 
moke an adoquou allowance for high peak curronta that could 
couse unwonted crossovor, 

3-29 Constant Current Operation 

3-00 To odjuat the supply for consuint current oporotlon: 

a. With supply turned off, connect e short across the reer- 
panol + end - output terminals, turn tho power on, end ad- 
just tJie CURRENT control for tho desired output current, 

b. Turn powor off, open tho output terminals and adjust the 
VOLTAGE control for the desired maximum output voltage. If 
0 load change causes this voltage limit to bo exceeded, tho 
eupply outomadcatly crosses over to constant voltage cpero- 
tion at thia preset voltage limit and the output current drops 
prcponionately. In eetting the voltage limit, moke an adequate 
allowance for high peek voltages that could coueo unwanted 
crossovor, 

3*31 Overvoltage Protection (OVP) 

3-32 Adjuatment. The overvoltage trip point la adjusted 
with tho alngle-tum OVP ADJUST screwdriver control on tho 
front penal. Tho approximate trip voltsgo range for this unit la 
from two Volta to M volts. When tho overvoltage protection 
circuit trips, tho eupply Is Inhibited end delivers no output 
power; the OVP end OUTPUT UNREGULATED Indicators on 
the front panel light. Rotating the control clockwise sets tho 
trip voltage higher. (It Is set to maximum at tho factory.) 

3-33 When odjustlng tho OVP trip point, tho possibility of 
false tripping must bo considered. If tho trip voltage Is sot too 
close to tho suppl/s operating voltage, s transient In the out- 
put would felaely 'rip tho OVP. For this renson It Is rocom- 
mended thot the OVP trip votlego bo set higher then tho out- 
put voltage by at least 1,6 volts -i- 1% of the output voltage. 
To adjust the OVP trip voltage, proceed es follows: 

a. With OVP ADJUST control fully clockwise, no load con- 
nected. turn on supply. 

b. Set output VOLTAGE control to desired trip voltage. 

c. Turn OVP ADJUST control countorclockwiso until OVP 
circuit trips; red OVP indicator lights and output voltage falls 
to zero. 

d. Turn off supply snd turn down output voltage. 

0 . Turn supply beck on and set desired output voltoge. 

3-34 Resetting the OVP Circuit, if the OVP circuit trips 
during normal operation, tho ac LINE switch must be turned 




off for ot least two wconde and Ilian back on to reset the cir- 
cuit, If Uio OVP circuit tripe continuously, chock llio load 
and/or the trip point totting, If the supply doe* not operate 
property after llio OVP circuit (a reset, proceed to 
troubleahooling In Section V, 

3-36 ALTERNATE OPERATING MOOES 

3-36 The altemate operating modes discussed In the 
following paragraphs Include: remote voltage sensing, remote 
programming, euto-porallel operation, outo-seriee operation, 
end auto-tracklng operation. Dy changing the rear-panol 
strapping psttem according to the Instructions which follow, 
the uuppty can be operated In any of the modes listed above. 

[ warning I 

Dfsconnoct Input sc power before chengfng any 
rear-panel connections and make certain at! wires 
and straps are property connected and terminal 
strip screws are sacurety tightened before 
reapplying power, 

3-37 Remote Voltage Senatng 

3-38 Because of the unavoidable voltage drop devoloped 
in the load leads, the normal strapping pattern shown in Rgure 
3-3 wilt not provide the boat possible voltage regulation ot the 
load. The remote sensing connections shown In Rgure 3-6 Im- 
prove the voltage regulation ot the load by monitoring the 
voltage there Instead of ot tho suppt/s output terminals. (The 
advantages of remote sensing apply only during constant 
voltage ooeration.l When using remote sensing, turn off tho 
power supply before changing the roar-panel straps, sense 
leods, or load loads. The following paragraphs discuss some 
precautions that should be observed when making a remote 
sensing Installation, 




Figure 3-6, Remote Sensing 



3-39 The load loads should be of the heaviest practicable 
wire gauge, at least heavy enough to limit tho voltage drop In 
each lead to 0,6 volte, Tho power supply has been designed to 
minimise tho effects of long load load Inductance, cut beat 
results will bo obtained by using the shortest load lends 
practical. 

NOTE 

Because the OVP circuit monitors voltage at the 
rear terminals and there Is an unavoidable voltage 
drop In the load leads, It may be necessey to 
readjust the OVP trip point In remote sensing 
mode. 



3-40 Since tho sensing leads carry only a few mllllbmperos, 
tho wires used for sensing can bo much lighter than tho lood 
loads (AWG rf22 Is generally adequatoi, but they should bo a 
shielded, twisted pair to minimize tho pickup of oxtomol noise. 
Any noise picked up on tho sensing leads will appear at tho 
supply's output, and CV toad rogulatlon may bo odvereely of- 
fectod. Tlio shield should be groundad ot one end only end 
should not bo used as one of tho sensing conductors. Tho 
sensing loads should be connected as close to tho load as 
possible. 

3-41 Tho sensing leads are part of tho auppl/a program- 
ming circuit, BO they should bo connected In ouch a way as to 
moke it unlikely that they might Inadvortenlly become open 
circuited. If tho sense leads open during operation, it la possi- 
ble that tho load voltogo will rise above its programmed value. 
Thorofora, it is recommended thot no switch, relay, or connec- 
tor contacts bo Included In tho remote sensing path. 

3-42 Remoto Proigrammlng 

3-43 Tho output voltagci and/or current of tho power sup- 
ply can be remotely controlled by external realaUsnco, voltage, 
or current sink. Programming can be accomplished via the 
standard rear-ponol scrow-tin terminals or via the option con- 
nector on units equipped v/ith System Option 002. Standard 
programming is dnscrlbed In this section; programming with 
System Option 002 Is described In Appendix A. 

3-44 For roslstanco pnagrammlng, a variable resistor can 
control tho output over itij entire range. To restrict control of 
the variable resistor to a Imltcd portion of tho output ronge, 
rxod resistors can bo corinected In series and/or parallel with 
the variable resistor. Ahornatlvely, a switch con be used to 
select fixed values of programminn resistance to obtain a sot 
of discrete voltages or currents. (It Is recommended that 
mako-before-breok switch contacts bo used, to ovoid pro- 
ducing tho output voltage spikes caused by momentarily 
opening tho programming taimlnala. The output voltage will 
drop momentarily while both sets of switch contacts ore 
closed. If break-before-mako switch contacts ere used, the 
output voltage will rise momentarily while both sots of switch 
contacts ore open. Depending on the switching speed, this 
may trip tho OVP. I 





3-^6 To molnutn tho umporoturo ond atublllty specifica- 
tions of tho supply, any roatators used for programmino mubt 
bo atablo, low-nolse rosistora with o tempera luro coofficiont of 
loss than 26ppm par °C and a pomr rating at least 10 timaa 
what they Will actually dissipate. 

3-40 Both voltage ond current outputs can also be con- 
trolled by 0 voltage source. A voltage source of 0 to 6 volts 
prog<ama tho output from zero to full scelo. Voltage sources 
of mom than B volts can be scaled down to tho proper range. 

3-47 Currant programming of both voltage end currant 
outputs is posatblo also. With current programming, the sup- 
ply's own constant currant aourcos aro used to provide currant 
through an external resistanco. A controlloblo currant sink, 
such as a DAC, In parallel with tho external resistor sinks o 
controllable percentage of tho current around tho resistance. 
Tho remaining currant flows through tho oxtomal resistanco 
ond develops a voltage that programs tho power supply. Tho 
OAC used for current programming must bo capable of sink- 
ing 0-2 mA and must have a compliance voltage range of 0 to 
+ 6V. 

NOTE 

The 6012A constent-current source must be 
calibrated to provide exactly 2 mA and the DAC 
must sink exactly 2 mA when It Is programmed for 
zero output, Otherwise, there will be e fixed error 
that will be relatively targe compared to the zem 
output desired. The DAC must have a very low 
temperature coefficient to avoid drifting. Most 
DACs have a temperature-compensating resistor 
through which they sink current, but this com- 
pensation is not effeedve when used with an ex- 
ternal resistor such as that used when current 
programming the power supply. Both of these 
error possibilities, mls-calibrotlon end 
temperature drift, era most pronounced when 
programming zero or near zero output (volts or 
amperes). 

For these reasons and for reasons given in the 
current-programming paragraphs, it is recom- 
mended that current programming of either out- 
put voltage or output current be accomplished via 
System Option 002, 

3-43 Connecting a supply for romoto programming of out- 
put voltage or current disables the corresponding front-panel 
controls. 

3-49 The following paragraphs discuss In greater detail the 
methods of remotely programming tho output voltage or cur- 
rent using either a resistanco, voltage, or current Input. 
Whichever method Is used, the wires connecting tho program- 
ming terminals of tho supply to the remote programming 
davico must be shielded to reduce noise pickup. The outer 
shield of tho cable should not be used as a conductor, and 



should bo connected to ground at one and only, (For clarity, 
Figuras 3-6 through 3-13 do not show shielded cable, I 

3-60 Although tho following connection drawings (Flgurea 
3-6 through 3-131 show tho supply strapped for local sensing, 
remote programming and romoto voltage sensing do not in- 
teract and may bo used tlmultanoously. 

3-61 Realstanoe Programming of Output Voftage. 
Tho rear-panel connections shown In Figure 3-6 allow the out- 
put voltage to bo varied by uaing sn oxtomal resistor to pro- 
gram tho supply. A programming resistor variable from 0 to 
2600 ohms produces a proportional output voltagu froin zero 
to full scelo. Note that fixed resistors may be conr'ociod In 
sotles and/or parollal with the variable programming r'-.tiator 
to sot lower and/or upper output voltage limits. Tho rusuliant 
programming resistance Is the sum of the sorlea/parollel 
resistor combination, and must be between 0 and 3600 ohms. 

3-62 For example, o 1260 ohm resistor connected In aeries 
with tile varfabb progromming resistor will set tho lower limit 
for output voltage at one-holf full seals, i,e„ 30 volts. A 1260 
ohm resistor connected In parallel with a 2600 ohm variable 
prugrami.iing resistor will aot the upper limit for output voltage 
at 20 volts. Connecting tho parallel resistor directly from ter- 
minal A7 to - 5 will limit tho output voltage oven If the remote 
programming leads become open circuited. 




Figure 3-6, Roslstanco Programming of Output Voltage 
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NOTE 



praorotrmino i)mo> An flquivalont roalsUinca of losa tlion Ik 
will moko tho dogradoilon un.ioticoobto In most appllcotlons. 



If f/itf programming terminals (Alto - SI becoma 
open circuited during resistance programming, 
tho output voltage will tend lO rise above rating. 

The supply will not be damaged If this occurs, but 
the OVP trip point should be property adjusted to 
protect the user’s load, 

3>63 Voltogs Programming of Output Voltago. Tlio 
rasr>panol connections shown In Flguro 3>7 allows tho output 
voltage to bo voried by using on oxtomol voltage sourco to pro- 
gram the supply, A voltago sourco varloblo from 0 to + 6 volts 
produces e proportions! output voltago from zero to full scale, 
The load on tho progromming sourco Is less than 6 /lA. 




Flguro 3-7, Voltago Programming of Output Voltage 

3-64 Scaled Vnltoge Programming of Output 
Voltago, Tho roor-panoi connoctionL shown In Figure 3-8 
ottow the output voltago to bo varied by using on oxtornol 
voltago sourco of more then 5 volts to program tho supply. 
Tho rotlo of the roslstonco vsluos in tho voltago divider must 
bo solocted so that tho voltago ot tho contor top of tho divider, 
A7, varies from 0 to 6 volts as tho programming voltago source 
varies from zero to moxlmum. 




>6V 



Rguro 3-8. Scaled Voltage Programming of Output 
Voltage 

3-80 Current Progremming of Output Voltage. The 
roar-panel connoctions shown In Rguro 3-0 otiow tho output 
voltago to be voriod by using an external current sink to pro- 
gram the supply. In this configuration the supply’s own con- 
stant current source Is used to develop o voltago across tho 
resistor, A current sink, ouch os a OAC, connoctad In parallol 
with the resistor sinks part or ell of tho current, and thereby 
dstormlnes the voltago dovolopod across the resistor. (Soo 
note following Paragraph 3-47.) A cunent sink verisblo from 2 
mA to 0 mA produces on Inversely proportional output voltogo 
from zero to full acolo. Many DACs Include a sign-change bit, 
so that a zero digital Input to tho DAC will produce a 0 volt 
output from the power supply, and a moxlmum digital Input to 
the DAC will produce a full scelo output from tho power sup- 
ply. Note that tho VOLTAGE control potonliometor con bo 
used in place of tho external resistor by connecting AB end A7 
in place of tho 2.6k resistor connected between A7 end - S. 



CAUTION I 



3-66 Tho total resistance of tho voltago divider should bo 
oe small os practical without excessively loading tho external 
voltago source. This minimizes degrading tho programming 
speed, offset, and drift specifications. Tho voltago divider ap- 
pears as 0 parallel pair of resistors to tho power supply. An 
equivalent resistance of 6k will approxlmotoly double the up- 



If the DAC Is turned off or the program leads 
open, the output voltage will tend to rise above 
rating. The supply will not he damaged if this 
occurs, but the OVP trip point should be property 
adjusted to protect the user’s load. 
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FIgura 3>9, Currant Programming of Output Voltaga 



Flgura 3>10, Raalatanca Programming of Output Currant 



3-67 n^/ilitanca Programming of Output Currant. Tho 
reor-panol connections shown in Figure 3-10 oilow tho output 
cunont to bo veiled by using en oxtemol resistor to program 
tho supply. The discussion In Poragrephs 3-61 end 3-62 for 
constant voltage cperetion also applies for constant current 
operation, 



3-CQ Voltaga Programming of Output Currant. Tho 
resrpanel connoctlona shown In Figure 3-11 allow tho output 
current to bo vorled by ueing an extomel voltage source to pro- 
gram the supply. Tho discussion In Parsoreph 3-63 for cona- 
tsnt voltsQo operation also applies for constant current opera- 
tion, 



CAUTION 



1140 VOC 
. iitii roA - 



If the prognmmfng terminals {A2 fo A6} become 
open circuited during resistance programming, 
the output currant will tend to rise above rating. 
The suppfy will not be damaged If this occurs, but 
the user’s ford may be damaged, tf there Is a 
possibility that the programming Itada may be 
opened, It Is suggested that the optional resistor 
be connected directly across terminals ASandA2, 
as shown In Figure 3- 10. The value of this resistor 
should be selected to limit the output current to 
the maximum that the had can handle without 
damage. For example. If the toad can handle 25 
ampares (one-half of full scale), a 1260 ohm 
resistor should be connected from M to A2. 
Remember that the resistance value actually pro- 
gramming the supply Is the parallel combination 
of the programming resistor and the opdonat 
resistor. 
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Figure 3-11, Voltaga Programming of Output Currant 
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3-fi9 Sflakd Voltfls* i^roBraminlng of Output Cur* 
rent. Tho roar.panol connscUon# siwwn In Roure 3-12 ollow 
thu output currant to bn varied Ly utlng an axtamol volugo 
•ourco of moT8 than 5 volta n program the aupply. Tlio 
ditcuaelon In Parograptia M54 and 3-66 for conatant voltago 
oporation alto appliot for constant cu*Tont oparatlon. 




Figure 3-12. Scaled Voltago Programming of Output 
Currant 



3-dO Currant Programming of Output Current. The 
roor-panol connoctiont ahown In Flgura 3-13 allow the output 
current to bo varied by using an external current sink to pro- 
gram the supply. (See note following Paragraph 3-47.1 The 
dlacuaslon In Paragraph 3-66 for constant voltago operation 
also eppllea for constant current operation, except that the 
CURRENT control can be used In place of the external reslator 
by connecting A4 to A3 In place of the 2.6k roalator connected 
between A3 and AS, 



CAUTION 



If the DAC Is tur.ted off or tl/e program leads 
open, the output currant will tend to rise above 
rating. The supply will not be damaged If this 
occurs, but the VOLTAGE control should be ad- 
lusted such that the supply will switch to CV 
mode once the output current reaches the highest 
level the load can absorb and/or the OVP AD- 
JUST should be set to shut down the supply. 




CUlWOff SIW 
0*2mA 



Figure 3-13. Currant Programming of Output 
Current 

3-61 Auto-Parallol Operation 

3-62 Rgure 3-14 ehowa the roor-panol Intarconnecllona re- 
quired to auto-parallel two or more units. TItIa mode of opera- 
tion provides a greater current capability then can bo obtained 
from a single supply, white ensuring that each supply will 
share the load proportionally to ita own total power capability 
under all load conditions. For example, If a 1(XX)W supply end 
0 200W supply were auto-parallolod, the 1000W supply would 
provide 6/6 the total current and the 200W supply would pro- 
vide 1/6 the total current. The 601 2A can be outo-parolleled 
only with other autoranging units, or with units that have 
current-monitoring output signals that ere Inlamolly refer- 
enced to the -output and equal to t-6V st maximum rated 
current output. Any number of supplies may be connected In 
euto-psrallet. 

NOTE 

Use wire of equal length and gauge to connect 
each auto-paralleled supply to the load. Load 
sharing will not be equal unless the leads connec- 
ting etch supply to the load are equal In 
resistance. If It Is Impractical to run leads from 
each supply to the load because of distanco be- 
tween the supplies and the load, leads of equal 
length should be run from each supply to com- 
mon distribution terminals, with a single pair of 
leads run from the distribution terminals to the 
load. 
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Fio<^ra 3-14. Auto*Paralliit Operation 

3-63 tjdtiino the Voltaoo and Current Controla. Tho 
auto-pan llel combination of luppllea behaves as If It were a 
alngto constant vollago/constant cunent supply controlled by 
the voltage and current controla of tho master supply. Tho 
current controls of the sieves are disabled. The voltage con- 
trols of the slaves should be set above the desired output 
voltagu to ovoid Interference with tho master 

3-64 Overvoltage Protection In Auto-Parellol. Adjust 
the OVP trip point at the master adpply. Tho alave supply OVP 
controKsI may be set to the some level or to maximum Ifully 
ctockwiae) to disable them. If the master OVP trips, the master 
will program tf*e slaves to zero output, If a slave OVP trips, it 
shuts down only that slave; the other units supply more cur- 
rent until the master switches to CC mode. 




Vf6 Auto-Parslldl with Remote Programming, Tlia 
output voltagn ond/or current of on outo-parollol comirinollon 
can bo roinottly programritM. Remote progromnx.ig connec- 
tions Jra made to 'ho rmster supply. Observe all p.acaullons 
outlined Ir the romofo programming porogropha. 
Simultaneous use of remote sensing and remote programming 
is also possible during oulo-perollol opentlon. 



NOTE I 

Because onty the master can davvn-pmgram the I 

output of an auto-pamllal combination, down- | 

programming speed will be reduced under no- I 

load conditions. I 



3-^ Auto-Series Operation 




3-68 Auto-Parallel with Remote Seneing. To combine 
auto-perallol operation with remote sensing, connect the sup- 
ply os described above but remove tho -t- S end - S lumpers 
from the master supply end connect tho -r-S and • S ter- 
minals directly to the + and - ends of the load. Observe the 
precautions outlined under Paragraph 3-37. 



Figure 3-16. Auto-Serfee Operation 

3-68 Figures 3-16 and 3-1G show the raer-panol intercon- 
nections required to operate two or more supplies in auto- 
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ecrioa. Thta mods of oporation provides a greater vdtage 
copebility than can be obtained from a single supply. As many 
os four supplies can be connected In auto-series in ibe con- 
figuration shown In Figure 3-16, and as many os eight supplies 
can be connected If lira power supply combination and load 
are canter-tapped as In Figure 3-10 (with no more titan four 
supplies on each side of tire canter tap), Either configuration 
allows ell the supplias to be programmed slmultanoousiy by 
tho voltage and current controls of the master supply. The 
ntaster supply must always be the one at the positive end of 
lite series combination. Any point of the output can be 
grounded if desired, as long as po other point In tits output is 
more than 240 volts (Including output voltage) from ground. 

3-09 The outp<jt voltage of each etavo supply varies (n 
direct proportion to that of the master. The ratio of each 
slave’s output voltage to the master's is establlfhed by ttio 
ratio of the resistors in the voltago divider connected between 
the + Sense of tile master end tile - S Sense of the slave. 

3-70 Any power supply capable of euto-serloa operation 
can bo usod in the euto-saries combination The supply with 
tho lowest current rating limits the maximum output current of 
tho combination. Any well-rogulstad, variabie-output supply 
can be used as the matlef. 

3-71 In applications In which coordinated positive and 
negative voitagas era required, center tapping fVi supply com- 
bination end load os shown In Figure 3-16altovre simultaneous 
proportional controi of both supply voltages. 



/f more then (our supplies ere connected together 
fn en euto-serfes eomblnetion, be certefn thet 
neither the more positive end nor the more 
negeb've end of the auto-serles combination is 
mom then 240 volts (including output voltagal 
from ground. 



3-7^ Setting the Voltage i^nd Current Controls Tho 
suto-soriea combination of supplies behaves as if It were a 
single constant: voltage/constanv current supply controlled by 
the voltage and current controls of the master supply. The 
voltage controls of tho slaves are disabled. The current con- 
trols of the sta-res should bo set ^bove tire desired output cur- 
rent to oyotd having a slave switch to CC mode. 



NOTfi 

The cun^ent controls of tha slave supplies can be 
disebleol by disconnecting the streps between the 
A3 end A4 termlnols and connecting e resistor 
betweoi) A3 end AS on each sieve. The resistor 
value should be chosen to program a current 
greater \ then tho desired output current. I See 
Paragraph 3-57,1 







Figure 3-18. Auto-Serfes Oporeilon, Positive end 
Negative Outputs 



3-73 Raaistor Values. A^ ahovvn, each slave has an oxler- 
nol voltago divider, Rj( end Ry, that datormlnes its program- 
ming voltage, Tho ratio of Ry to Rj^ dotarmlnos the ratio of a 
slavo’s outpu' /oltage to the output voltago of its master (llie 
next moro-poslllvo supplyl. To determino the value of Ry and 
Rx, first choose the ratio of (ho stove output voltage to tho 
output voltago of ita masrer (Viyj/Vg), select a value for Ry, 
and than determine tite value for Rj^ by solving this equotlon; 



Rx 



I2(Ry)(l ♦ 



-Ry. 



For example, ossumo a two suppty combination that is to pro- 
vide 90 volts, BO volts from tha master and 40 volts from tho 
slave. If wo select a value of IkforRy, tho equation becomes: 

RX -[12(1000) (1 + 5?)] - 1000 

RX- [12,000 (2.26)] -1000 
Rx ■= 28,000 
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Aut^Tnicklng Operation 



S-74 Nota thtt Uu; oiave outtHti vottaga may ba lowar 
than, equal to, or bighac liun Uta matter output voltago. 

3*76 Two facton mult be cotViidurad v<lMrt uttactfrrg tbo 
raalf tanca valuo of Ry; tba afMct ttp programmlno apooiftoo- 
tiont, portlculariy rpoad, and Uta powe; that tiia raeiator wM 
have to dieaipaaa. In u;.' previbui examplo, Midi a torol 
retiatanca of 27k acroes an ou^'^jt o’ ti9 volta, R^ bava to 
dlitJpata 290 mHIhvatta *'vl Ry •',111 liavo to dltalpota allghtly 
mora than 11 mBOwatta, Lower ratiitanca valuaa of R;( and 
Ry win Inaaaaa programming tpaid wfilla Incraatlng tJia 
amount cf power that R}( and Ry ivU have to dltaipata. 

3*76 To maintain the tsmpanitura coafficiant and atabnity 
■pedficationa of lha auppHea, R;^ end f ty muat ba atable, low* 
noiaa roelatoni whh tamporetura cooff 'clonta of lata *>?ieit 25 
ppm par and power rndnoj of at Imet 10 timoa what they 
v^l actually diaalpata, 

3-77 The fron'J-penal VOLTAGE control of the ilava can bo 
uaed in ptaca of Ry by connecting a atrap from A7 of tho atava 
to A8 of lha tiava, Thia enablaa tha utar lo vary ilia parconl' 
age of tha tntal voltage contributed by lha aiova. For cnlcufa- 
tlon purpoeea, uia a raalttanca vakta of 2.7li for tha VOLTAGE 
cofrtrol vvhan It It eet to maximum, 

3-73 Overvoltage Protection In AutO'Oeriee, Sot (ha 
OVP trip point in Mch supply to that It irlpt at a level Itfghar 
than the voltage that tupply will contittiutd. II ilio master agp' 
ply OVP tripe, tha master program tha ttavos to roro out- 
put. If a slave OVP tripe, that tiavo and ail •is'/Dt between H 
and tho nagathra end of tlie teries will go to zero ouput; ell 
unite more poaltlve than tho tripped tLtva (which Includea the 
mmter) will continua to tupply their set output voltage, 
irherefcre, the total output vohaga of die euto-terias com- 
bination vrill be the turn of the outputs from the master plus 
any siavea between the muter and ch» tripped slave. 

3-79 For meximum protection egainst overvoltaga, aat 
each unit's OVP slighlty higliar (1,5 volts r- 1% V^yj) than 
tha voltage it will contribute. For maximi’m protection against 
faUe tripping, set die sieve OVPs to maxim jm and ad.ust OVP 
at tha matter. 

3-90 Auto-Serlee with Remote Seneing. To combine 
euto-eeriee operation with remote lenslng, connect the sup- 
pliea ae described ebove but remove the + S |umper from the 
master supply and the - S jumper from the most negadve 
supply, end connect the -r S end the - S terminals diracdy to 
tho + and - ends of tiia load. 

3-81 The output voltage end/or current of an auto-series 
comblnadon can ba renwtely programmed. Remote program- 
ming connections are made to the master supply. The 
percentage of the total voltage contributed by a Wave can also 
be remotely programmed by connecting a variable resiator to 
the alave in place of Ry, Obeerve ail pracautiona oudined In 
tha remote programming paragraphs. SImuttaneoua uae of 
remote sensing end remote programming la olso posaiblo dur- 
ing auto-aeriea operation. 



3-02 

3-83 Figure 3-17 aiiowe the Interconrvictiona required to 
oprjrate two or ny»'e units In auix>-trock{ng mode. This mode 
of operadon uRuws muitipio supidiea that ehara a r^mon 
negadve (or positive) output bus to power aaparata iouda and 
luwa their output voltageit simuitaneously programmed by die 
voitage end currant controls of *ho master supply. Tha output 
voltage of each tiava supply varies Vi direct proponion to that 
of dvr maater, The istio of each stave's output voliaga to die 
nruisfer'a Is established Ity the radv of the resistors in the 
t'oltaga divider connected iTUtween B of the master and - S 
of die oiavw. 




3-84 Figure 3-18 shows the interconnecdons required to 
provide both poaidve and negative outputs from an auto- 
trocUng combination. As ccn be seen, the only difference 
from standard auto-tracking operation is that the + output 
terminal of slave #2 instead of tha - output terminal Is con- 
nected to tha common bus. There la no limit to the number of 
suppliea that can be operated In either auto-tracking con- 
figuration. 
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Fleur* 3-18. Atito>Tncklng Operation, Poeltiv* and 
N«g«tlv* Output* 



3^ RMlitor Valu**. 'Hio method for determining the 
VBtuee of R}( and Ry In Figure 3*17 i* tlmiler to that given in 
Paragraph 3-73 (or auto-aerie* inode. Rrtt chocee the ratio of 
the aiave output voitage to the maatar output voltage, select a 
value for Ry, and then determine the value for by solving 
this equetk^: 

"X-"y[(i2^)-i] 

300 For example, assume a two-supply configuatlon in 
which the aiave output la to vary from 0 to % volts while (he 
master output varie* from 0 to 30 volts. If we select a value of 
1I( for Ry, the equat’on becomes; 

RX - f] 

RX * 1000 [7.2- t] 

Ry - 0200 



387 The same factors that govern the choice of Ry in 
auto-sarles mode apply in auto-traeWng mode. 

368 Repeat the proceaa for each slave, with each slave 
referenced to the sama (mastrl supply (unffhe auto-series 
mode). Note that the sieve outr^Jt voitage may be lower than, 
equal to, or higher than the master output voitage. 

3-80 For auto-trackIng operation with both positivo and 
negative outputs, as shown in Figure 3-16, the aquation In 
Paragraph 388 ia used to determine the values of Ry and Ry 
for (he slave providing poaitiva outputa, and the aquation in 
Paragraph 3/3 Is used to determine (he values of Ry and Ry 
for the sia/es providing negative outputs, 

3-90 To maintain the temperature coefficient and stability 
specificationa of th* suppiies, Ry and Ry must ho sCable, low- 
noise res^tora with temperature coefficients of less than 2S 
ppn per and power ratinga at least 10 times what they will 
actubly dissipate, 

3Cr1 The front-panel VOLTAGE control of tfe slave can 
used In place of Ry by connecting a atrap from A7 of the slave 
to AS of the slave. This anabtea the user to v^ry the ratio of the 
s.iave output voitage to the master output voltage. For calcua- 
tiort purposes, use a resistance value of 2.7k for the VOLTAGE 
control when It ia sol to maximum, 

3-92 SattIng the Currant Controis, The current contro'J 
of all Buppliea In an auto-tracking combinutlon are In- 
dapandantly operatlva and can be used to aet current limits for 
each Individual load. If the maatar supply goes Into the con- 
stant current mode, the Output voltagee of the slaves continue 
to track that of the master. If 0 slave goes Into constant cur- 
rent mode, however, no other supply ia affecterf. 

393 Overvoltage Protection in Auto-Traching. Sot 
the OVP of each supply as appropriate for the loed connected 
to that supply. If the maatar supply OVP trips, the master will 
program the staves to zero output. If a slave OVP trips, only 
(hat stave and its load will be affected. 

3M Auto-Tracking with Remote Oenalng. To com- 
Wnt auto-lrackfng operation with remote sensing, connect the 
supplies 04 described above but remove the + S and - S 
jumpers from each supply end connect the + S and - S ter- 
minals directly to the + and - enda of Its load, 

398 Auto-Tracking with Ramote Programming. The 
output voltagee of an aulo-trecklng combination can be 
ramotafy programmed by programmming connection* made 
to the ntaster auppiy. In addition, the ratio of each sieve’s out- 
put to the master's output can be remotely programmed by 
connecting a variable resistor to the slave In |Xace of Ry, The 
output currents of the individual supplies can also he remotely 
programmed. Observe ell pracautlona outlined In the remote 
programming paragraphs. Simultaneous use of remote sens- 
ing and remote programming Is also posslUa during auto- 
tracklng operation. 
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3-90 l-MONITOR OUTPUT SIGNAL 

3-07 An ampllflod ond buffarod output Bignal from Iho 
Qurrontunonitorlna raciMor Is nvsllablo batwuan tomilnols A1 
and AG on Iho roar poflol, This alonol cun ba connaotad to a 
ramoto voltmotar to I'/idIcato tho amount of output current, 



Tito algnol vorlea from 0 to G volts to Indlcoto o zoro to full scolo 
(GOAI current output. Tin - ►gmilnol of (lio voltmotor sliould 
ba connontod to tormlnol AG. Output impodonco at tormlnal 
At Is 10 k; 0 load of 1 will maintain 2% readlno 

accuracy. 





SECTION IV 

PRINCIPLES OF OPERATION 



4-1 DIHFERENCr: BETWEEN AN 

AUTORANGING POWER SUPPLY 
ANO A CONVENTIONAL 
POWER SUPPLY 

>\~2 Tho main iliffaronco botwmin an auinranQlnQ powor 
supply and conviinllonal lypas uf constant uoitapo/constanl 
current (CV/CC) power supplies cun be seen by compat’no 
the output characteristics of each. A conventional CV/CC 
pc war supply cun provide rnaxltnum output power at only one 
combination of output voIioqo and current, as shown In Rguro 
4’l A. Tho range of a power supply can be extended by design' 
Ing an Instrument with two or more Bwitch-salactabla 
voli 'ge/current ronges within the maximum power output 
capability, os shown In Rguro The C0I2A autoranging 
power supply provides moximum output power over o wide 
arid continuous range of voltogoond curren'. combinations, ns 
shown If Figure 4-lC, without tho oporotor hovlng to select 
tho proper output range, 

4-3 SIMPLIFIED SCHEMATIC 
DESCRIPTION 

i-4 Tho bosic oparatlng concepts of tho G0I2A ore shown 
on the simplified schomotic, Figure 4-2, and described In tho 
following paragraphs. Detailed doccrlpilons ore provided only 
for those Individual circuits and components whoso operoilon 
moy not bo obvious to the user, Tho clrcirlt names and layout 
of the slmplltlad schematic are the samo as used on the com- 
pieto schematic In Section VII; however, some items, sucli as 
the Display Circuits, are loft off tho slmplllled schomotic lor 
clorlty. Tho heovy lines represent the Input rails and output 
rolls, Positive logic conventions are used; uignals with a bor 
ore low when true. fE.g,, ON INHIBIT goes low to Inhibit on 
pulses, high to enable on pulses,) 



4-G Doalo Concopt 



4 0 Tho C012A Is a flyback-type switching power supply, 
so-called from the flyback technique of ganaraling high 
vollaga in lolovlslon receivers. In the C012A, energy Is stored In 
tho magnetic field surrounding o ironsformoi while current 
flows In the priinory, and this energy Is transferred to tne 
secondary circuit when currant flow in tire primary Is turned 
off. Currant flow In tho primary Is conlrolled by FET switches, 
which are turned on and off at a 20kH2 rate by a pulse width 
modulator. Regulation is occomplishod by controlling tho on 
time of tho FET swi’chos. On pulses ore Inltlotod by o clock cir- 
cuit, Off pulses ore Inltlotod when current flow in tho primary 
has stored enough energy for tho output circuit, whicit is 
detormlnod as follows, 

4-7 Tho output voltage and current ore comporod to 
roterenco voltai ns set by front-panel controls to produce a 
control voltogo. The control voltage Indicates the amount ol 
power requirad by the output circuit. Current flow In tha 
primary circuit produces o ramp voltage tliat represents tlie 
amount of energy being stored lor tronsfer to the output cli 
cult. An off pulse Is generated when tho romp voltogo excuads 
tho control voltage. 



4-6 Input AC Circuits 

4-H Primory power Is connected through tho RFI Filter io 
tho LINE switch and contocts of roley AIK1. When tho LINE 
switch closes current flows through A1R1 and A‘ R3 and tha 
Input Bridgo/Ooubler to charge tho Input Filter. A jumper In 




Figure 4-1. Output Characteristics; Typical, Dual-Range, and Autoronglng 5u- p'. js 
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Rgura 4-2. SirnpCflad Schsmatic 
















ttio input Drf(^i(V/Doublor circuit, Wf, connocia iha circuit as a 
voltago doublur fur tZOV oparotlon, so that for ony nomlnol in* 
put vollogo tho Input (lltar chorgos to approxlmataly 300Vdc. 
naslstors A1R1 ond A1R3 limit Inrush currant whilo iho 
capacitors In tho Input Filter chargo up after the Instrument Is 
turned on, After a ono*oocond delay provided by the AC 
Dropout Daleclor/Slow-Stan Circuit, reloy A1K1 closas and 
shorts out Atm and A1R3. 

<t*IO Piimnry power la also connactod to tho Dios Power 
Sutjplles ond tho Relay Driver. Tho Dias Power Supplies pro- 
duce the +5V, + 1DV, ond - 12V used throughout the instru- 
ment, ond tho + 1 1V used by tlto FET drivars. Also provided 
from tho Dios Power Supply circuits ore tho 12flHi'pulao input 
to the AC Dropout Detoctor/Slow-Stert Circuit and tho + GV 
unregulated-voltogo Input to the Bias Voltage Ooiector. Those 
two circuits operate as described in later porogroplu to pro- 
duce tho roloy-onabla signal that controls relay A1K1. 

*1-11 Current flow from tho Input rolls through Power 
Tronsformer A1T2 Is controlled by a parollol pair ol FET 
Bwllchos In each of the two Idonticoi FET ond FET driver cir- 
cuits. On and off signals for tho FETo are derived from the 
Pulse Width Modulotor (PWMI, os will be described shortly 
Tho on pulses are opplled through drivers A3U2A, U2B, and 
U1 A ond transformer A3T1 to the gotos of FETs A3Q1 and 02. 
Although the on pulse is loss than 2 microseconds duration, 
tho FETs' input copocllonco holds the FETs on oltar tho or 
pulse has disoppeanid. 

4-12 Whoti'tho FETs ore turned on, current Hows through 
tho primary ol Power Tronsformer A1T2. (One of tho leads lor 
A1T2 servos as tho prlmory for Curront-Monl'.r Tronsformer 
A1T1.I Output Diode A4CR1 Is reverse blosod ond blocks cur- 
rent flow through A1T2 secondory. Consequently, energy Is 
stored In ths field that builds around the A1T2 tronsformer 
windings. Tho lon^jor thot voltage Is opplled to the primary, 
tho more onorgy Is storod. 

4-13 Current flow In tho secondary of AlTl develops the 
Ip Romp Voltage ocross roslstrtrs A2R69, R63. The omplltudo 
of this linearly Incrousing voltage corresponds to tho amount 
ol cuiront flow through tho A1T2 prlmory; theraloro, It 
represents tho amount of energy being stored In the field 
around A1T2. It Is this Ip Romp Voltoge that Is comporod to a 
control voltage to determine when the FETs should bo turned 
olf. 

4-14 Olf pulses for tho FETs ore opplled through driver 
A3U1B and transformer A3T1 to tho base of transistor A3Q3. 
A303 turns on ond shorts the PETa' gotos to sources, thereby 
turning tho FETuoff. When tho FETs turn off, Iho collapsing 
magnetic field reverses tho polority across tho A1T2 primary, 
and current flows from A IT2 secondary through Output Diode 
A1CR1 to chorgo output copocllors AlCtt, A1C12, and 
A1C21. Tho level to which the output capacitors are charged 
corresponos to tho length of time thot the FETs ore on ond 
current flows In A1T2 prlmory. 



4-1B When tho FETs turn olf, tho laokogo Inductance ol 
A1T2 develops o smoll omount of reverse current flow In the 
prlmory circuit. Flybock Diodes A1CR3 and A1CR4 protect the 
FETs by conducting this current around tho FETs ond bock to 
tho Input Filter. Voltage spikes are flltorod by the Snubber 
networks, 

4-16 It can to ooen that the power ovalleblo In tho ouput 
circuit corresponds to tha duty cycle of tho FET switches. Tho 
following poragrophs describe the method by which output 
voltoge ond current are sensed to control tho FET duly cycle. 

4-17 Constant VoltoQo (CV| Circuit 

4-10 Tho Constant Voltage ICV) Circuit compares a 
percantego of tho output voltogo to Iho CV Progrommlng 
Voltage sol by the VOLTAGE control. Any difference Is 
amplified to establish a control voltage, as fallows. 

4-19 Current from tho Constont Current Source flows 
through VOLTAGE control ACR2 to develop tho CV Progrom- 
mlng Voltogo at terminal A7. Tho level ol this progrommlng 
voltage Is dependent on the sotting ol A6R2. Amplifier A2U3 
compares o froctlon of tho 6C12A output voltage at the 
f Sense tormlnol to the progrommlng voltogo at A7. Tho out- 
put of A2U3 lb applied to a second comporlson amplifier, 
A2UGD. This amplifier comperes Iho output of A2U3 to o frac- 
tion of tho tnboord + Out, which Is the f output voltogo 
sensed ol the Inboard side of Iho output filter. Use of two 
comparison amplifiar loops provides increased stability for 
load variations. 

4-20 In normol CV modo, the output of A2UGD varies be- 
tween *■ -0.5 volts and ■< +1.0 volts, It Is at its most 
nogollvo when tho load Is drowing llttlo or no power from tho 
Instrument. Progrosslvely moro-posltlvo voltages from A2UGB 
correspond to Incroosod power dorr .id by Iho tood. Tho out- 
put from tha CV Circuit Is applied to diode A2CR10. 

4-21 Constant Current i*TC) Circuit 

4-22 Oporotion of tho Constont Current (CCI Circuit is 
similar to the CV Circuit. Output current from tho 6012A 
develops o voltogo ocross the Current-Monitor Rosistor, 
AIR20, This voltogo Is amplified and buffered by tho l-Monitor 
Amplifier, A2U2, to Isolote the power supply output from cur- 
rents in the CC Circuit. Comparison Amplifier A2U6C com- 
peres the I- Monitor signal to tho CC Programming Voltogo, In 
normal CC modo, tho output from tho CC Circuit also vorios 
botween » -0.6 volts and •• f 1.0 volts, ond Is applied to 
diode A2CR19. 

4-23 Differentiator circuit A2LHA and U1B componsotos 
for highly raaclivo loads. CC Clamp A2U6A limits tho currant 
output from the Instrument to no more then 66 amperes. 
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4-24 Control Voitogo 

A~75 Tho outputs of tho CV and CC Circuits are oppliod to 
diodas that connect to a ‘'wlrod-OR'' junction, Whtchovor cir- 
cuit Is raquostina toss power will forward bias Its output diodo 
and doiarmlno tiro voltago at tho wIrnd-OR junction. As statad 
oatllor, tho outputs vary botwoan -0.6 volts and +1.0 volts, 
with tho more nogalivo lovols roprosantlng lowor power 
(lomonds. Tho wlrod-OR junction ot the anodes of A2CR10 
and A2CR 10 Is biased to + 1.6 volts, Therofora, whichovor cir- 
cuit, CV or CC, producoa tho moro nopatlva output will couso 
its output diodo to bo forward blosod ond ihoroby dotormino 
tho Control Voltooo. This Control Voitogo la comparod to tho 
Ip Romp Voltage to dotormino whan tho TET swllchos oro 
turned olf. 

4-20 For oxomplo, ossumo tho output from tho CV Circuit 
IA2U6D) Is +0.2 volts and tho output from tho CC Circuit 
IA2U6C) 's +0.9 volts. A2CR18will bo forward blosod and tho 
wIrad-OR junction will bo hold ot + 0.0 volts llncludos tho 0.6 
volt drop across A2CR16I. A2CR19 will bo ravorso biased, so 
tho CC Crrcult will hovo no offoct. 

4-27 Pulse Width Modulator IPWMI 

4-20 Tho FET swltchos oro turned on ond off at p 20 kHz 
roto by signals dorlvod from tho Putso Width Moduloior 
IPWMI. On pulsos oro initiotod by tho 20 kHz Clock signal. Off 
pulsos oro lnl:fatod whan tho Ip Romp Voltago Iwhich in- 
dlcotos tho omount of onorgy bolnp stored for transfer to tho 
output circuit) oxcoeds tho Control Voitogo {which Indicates 



tho amount of power required by the output circuit). Figuro 
4-3 Is a timing diagram showing tho rolotionshlp of various 
slgnols thol control tho FET swltchas, 

4-29 Tho more nogollvo lovol of tho 20 kHz A2LM I output 
rosots both flip flops A2UQ6 ond A2U0A, and holds thorn reset 
until tho A2U11 output goes positive. Then, tho next poshlvo 
odge from tiro output of tho 320 kHz Osclllotoi triggers 
A2UGB, irlggorlng A2U0A and one-shot multivibrator 
A2U12A. Tho FET swllchos nro turned on, current flows 
through Power Tronsforinor A1T2, ond Ip Ramp Voltage starts 
to rise. When Ip Romp Vellago oxcoeds the Control Voitogo, 
the output of A2U6 changos sloto and flip flop A2U9A Is resol, 
triggering ono-shot multivibrator A2U12D to produce an off 
pulse. 

4-30 PWM Foot Turn Off 

4-3t Figuro 4-3 shows thot thoro is a delay between tho 
time when the Ccnirol Voitogo Is oxcoedod ot A2U6 ond the 
time when the FETs turn olf. This doloy consists of the com- 
porotor switching titno, goto doloys, tronsformer doloy, end 
FET tjrn-off lima, and It rosults In o cortoln amount of power 
being tronsforrod to tito output aftor the desired off time, if tho 
Control Voltago Is at a vary low leval {unit supplying little or no 
output power), this power moy oxceod tho amount required 
by tho load. To offset this, the PWM Is designed to reduce tho 
minimum on-tlmo of the FETs If necessary to reduce lire 
power transferred to tho output circuit. When the 20 kHz 
Clock goes high lollowlng tho PWM to bo triggered by the 
next 320 kHz signal), A2C31 charges rapidly and exponentially 




Figure 4-3. FET Control Slgnols Timing Diagram 





to a low tovQl. If this ouxllory rump tavol OKCoada thu Control 
Voltnoo, llio PWM Inlilotos on o(f pulao, turning oM tlio FETs 
Imniodlototy oftor thoy turn on, 

4-32 Primary Curront (Ip) Limit 

‘I'SG Ip Romp VoltoQa Is also compared to a prosot Ip Limit 
at comporlaon ompllflar A2U13D. Ip Limit Is o faclory'Bol ad- 
luaimortt that limits tho total powor output of the Inalrumont. 
Ordinarily, tho PWM Inltiulos on off pulao when Ip Romp 
Voltoao oxcoods tho Control VoliaQO at A2UG, and Ip Ramp 
MDver roaches Ip Limit at A2U13D. Howovor, If tho Control 
Voltogo is oxcoaalvoly high [both VOLTAGE and CURRENT 
controls sot to rolatlvoly high valuos), Ip Romp will oxcood Ip 
Limit, Tho output of A2UI3D chongoa slato, Initiating an all 
pulao, 

4-3<f As an odditlonal proroctlon foaturo, If nothing olso 
rosots flip flop A2U9A (such as tho control circuit, 
ovortomparoluro, low bios or ac dropout, or ovorvcltagel, It 
will bo roaot by tho next nogotivo lovol from A2U1 1, liiggoring 
A2Ut2B to gonoralo an off pulao. Thoroforo, moximum duly 
cycio ol tho FETs Is olways loss thon 60%. 

4-36 Tho Ip Limit Comparoto'- also Includes a alow-siort 
circuit, which limits tho output power tho unit con provide un- 
til after tho AIK1 rotoy contacts close complatoly. 

4-36 Down Progrommor 

4-37 This circuit ollows tho ou;put voltage to be lowarod 
ropidly whan required. In ordor to lower the output vo'ragQ it Is 
necossory to discharge tho output filter capaci'nrs (typically, 
through tho load). In situations that roquiro the o jtput vcitoge 
to drop more rapidly thon con bo nci;om,3ll8hiid through tho 
load, tho Down Programmer pulls the output lino to o low level 
and discharges tho copacitors. This octlon cen bo triggered by 
any of three conditions; Tho CV Circuit programs a much 
lower output voltage, an overvoltage Is doioctod on the out- 
put, or low bias or ec dropout Is dotcctod lincluding ac 
lurnoffl, 

4-39 A long-carryover bios supply associated with tho 
Down Progrommor stores enough nnorgy to operate tho 
Down Programmer after loss of primary oowor. This ensures 
thot tho Down Progrommor will bo oblo to discharge tho out- 
put circuit complotoly when primory power is turned off. 

4-39 Ovorvoltoge Protacvlon Circuit (OVP) 

4-‘l0 Tho Overvoltage Protection Circuit monitors tho out- 
put voltage across tho f output lino and circuit common 
( - output linel, if the output voltage oxcoads a preset limit, 
set by tho front-ponol OVP ADJUST potontiomolor, tho Ovar- 
vollago Protactlon Circuit Inhibits tho PWM, triggers tho 
Down Progrommor, and latches Itself until the instrument Is 
turned off. 



4-41 The Overvollago Protection Circuit operales from the 
long-carryover bias supply ossocletod with tho Down Pro- 
grommor, Qy ensuring that tho raferenco voliogo remnlns high 
until oftor tho r output rernchos zero volts when the inslru- 
menl Is turned off, this feature prevents the Ovarvoltogo Pro- 
toctlon Circuit from lolciting If the urtlt is turned back on dgoln 
Immedlotoiy otter turn-off. 

4-42 AC Dropout Dotoctor/Slow-Stort 
Circuit 

4-43 This circuit contains two ramp circuits. Thu slow 
start romp holds tho ou tput of tho AC Dropout 
Dotoclof/Slow-Slnrl Circuit, AC DROPOUT, low for approx- 
Imatoly one second after the Inalrumenl Is turned on. The Ac 
DROPOUT signal oporoios through the Bias Voltage Qoioctor 
to Inhibit the powor supply output. This one-second delay 
ollows tho Input Filter cepecllors lo chorgo slowly through 
AIR1 and A1R3. 

4 44 Tho dropout dalocior romp operoles to ahut down 
the instrument when primary power is turned oft or lost. This 
ramp circuit Is ordinarily reset by tho 120 Hz pulses In tho 
unrogulotod +BV, If rlio romp Is not reset within opproxl- 
metoiy 20 milllsoconds of the previous r eset, tho output ol the 
AC Dropou t Deloctor goes lovr (AC DRORoOtl. aC 
DRORoUT Inhibits the power supply output, os described In 
the following paragraphs. 

4-46 Bios Voltago Dotoctor 

4-46 Tho Bios Votlogo Detector Inhibild operoiion of tho 
powor circuits if the hies vottogo drops below o corinin lovol. 
This Is the level at vhich sufficient voltngu Is ovelleble to 
operoio tlio control circuits reliably. 

4-47 When the Instrument Is turned on. thu outputs of tho 
Bios Powor Supplies begin lo rise from zero volts. When the 
output of tlio T 6V rogulalad supply reoches opproximolely ! 
volt, ironsistorc In the Bias Voliogo Detector turn on end per- 
form tho following functions: inhibit the On pulse, Off pulse, 
end PWM: trigger tho Dawn Programmer; and inhibit the 
Relay Enobto signol. When tho f6V unregulated supply 
reoches oppioxlmololy 7 volts, the OFF pulse Is enabled. 
When the +6V unregulated supply reoches opproximotoly 9 
volts, the On pulse ond PWM ere enabled, tho Down Pro- 
gremmor trigger Is removed, and the Relay Enoblo signal Is 
goneratod. (This ossumes that tho Ac DROPOUT signal from 
th o AC Oropo ut Dalector/Stow-Sinrt Circuit is not profionl. 
AC DROPOUT oporotos through tho Bios Voltogo Deloctor lo 
Inhibit tho po wer circuits, Up on lurn-on, iho one-second doloy 
provided by ,AC~DR0P0DT ordinarily exceeds the time re- 
quired for tho bios voltage to rooch the proper level.) 

4-48 Tho Bias Voltage Detector also Inhibits the powor 
circuits In "brownout" conditions If Iho ac line voltage (alls 
below opproximolely 70% of nomlnol. 
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SECTION V 
MAINTENANCE 



5-1 INTRODUCTION 

B-2 ' Upon focotpt ot liif poWor aupply, the perfoipience 
(oat (Porapreph 5-0) can bo modo, This toat Is sultoblo for In* 
coming Inspection. It a fault Is datootod In the power aupply 
while making the porfom^nneo toat or during normal opera* 
tlon> pmcood to tho troubloahooUng procedures. After 
irtAibloshootlng and repair IPoragraph 6-62), perform any 
necaaaory ad{iistm«mts and calioiatlon (Paragraph 6*06), 



Dafort) raturning tho power supply to normal operation, repeat 
the eppllcablo portions of (he performance test to onauro that 
11 ) 1 ) fault has boon properly corrected and tliot no other faults 
a nisi. 

6^ TEST EQUIPMENT REQUIRED 

B-4 Table 6-1 Hats tho test equipment required to perform 
tho various procedures described In this section. 



Table 6*1. Teat Equipment Required 



TYPE 


REQUIRED 

CHARACTERISTICS 


USE 


RECOMMENDED 

MODEL 


Oacllloscopa 


SonslUvItyt 1 mV 
bandwidth; 20 MH? 


Troubleshooting; meosuro ripple, 
noise spikes, end load 
transiant response 


HP 1740A 


Digital Multimotor 


SnnaitivityE 1 pV 

ii.put Impedance; 10 MR Imlnimumi 
0.02% 6V4 digit 


Moosure so end do voltages, 
troubleshooting, end collbrotion 


HP3466A 


Electronic Load 


Voltage Rengo; 60V 
Current Rongr. BOA 
Power Range; 1200W 
Open end short circuit switches 
Vurleble at Si) Hz rote 


Power aupply lood 


Tronslsicf Dovicos 
Model DLP 130-60-2600 


Varieblo Voltage 
Autotransformer 


Voltage Range; see Paragraph 2-16 
4 kVA (mlnimumi 


Vary ao input for lino 
rogulolion meesuromant, 
troubleshooting 




RMS Voltmeter 


True RMS Reading 
Dondwidth; 10 MHz 
Sansitivlty; 1 mV 


Meosuro ripple 


HP3400A 


DC Power Supply 


Voltago flongo; 0 to 20V 
Currant Range; 0 to 6A 


Troubleshooting, slow- 
start procodura 


HP 6024 A 


Current-Maaaurlno 

Tronsformot 


Abto to pass 60 A dn without 
saturating 

Bandwidth; 20 Hz to 20 MHz 
Output voltago of et least 1 mV 
for 1 mA Input 


Constant Current PARD tost 


Tektronix Modal P6303 
Probo/AMB03 Ampllflof 
(must bo used with 
TM600-sorlos power 
modulol 


Current-Monitoring 

Resistor 


Volua; 60 mV @ BOA (1 mR) 
Accuracy; 1% or boUar 


Meosuro output current, 
calibration 


Weston Instrument Qliunt 
Modal 6892, Cotolog 
141216, 60 mV (g)G0A 


Isolotion Transformer 


4 kVA (mlnir.)um) 


Troubloshoottng 




Terminating Resistors 


Value: 60R±6%, Non-inductive 
Ifoljr required} 


Noise spike measurement 


... 


Blocking Capacitors 


Value: 0.01 pF, 100 Vde, (two 
roquirodi 


Nc'so spike measurement 


— 
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_ PERFORMANCe TEST 

) 

iM The following to«t can he used et an Mo<)mlna Intpao' 
lion chock, and oppropilote portiona of the isat can t4 
repeated to ohack the operation of tlia inairumont afrer 
rep^lra, The tnata ere perftrrmed ualng the apeclflod norrtinal 
Input voltage foi' tiro unit. If die correct reault la not obtained 
for a particular chock, proceed to .roubleahooilng 
iParagntph 5*62 ), 

WJ Maao'aromont Techniquufl 

b4} All apeclflcatlona should be moanured ot (ho power 
supply remilnola, Also, ell testa are perfomied v,lth thu supply 
Btrappoo for local programming and Benslng, os shown In 
Figure 3-3. The wires used to connect the Iced to the supply 
should bo heavy enough to ensure that they will drop loss ihon 
0,6V. If the supply Is equipped with Systrm Interfsco Option 
002, remove tiro interface Option coble from the 'cenpanel 
connector and chock the power supply '/irst. Then proceed to 
Uio checkout proceduru In Appendix A to test the Option 003 
componenta, 

6-4 Select A Load. Specifications ore chocked with vary- 
ing er.tounts of load roalstance connected across the supply. 
For moat of the constant-voltr/ge tests, the value of load 
resistance must bo epproximatoly 0,4 H to permit operation of 
the supply ot 20V and he mar.lmum-output-powor-rotlng cur- 
rant of lk)A. For the constenr-cunent teats, tlio load resistance 
must be spptoxlmotoly 3.4 tl to permit operation at 17.6A end 
Its mexlmum-ouiput-powr/-rating voltage of OOV. The power 
rating r>f the lOad must bs at least equal to the maximum out- 
put power of tiro supplyi 1200 watte. 

6-10 For load regulation end loan transient response tests, 
load resistance mu'A be switched between two voluos. An 
elootronlc lood, such as listed In Table 6-1, eliminates the need 
for connecting many resistors or rheostats In paiollol to pro- 
vide adequate power capability, Is considerably mors stable 
than carl] on pile devices, end permits varying the Iced with an 
oxtomal mciiilating signal. 

6-11 Ccnneotlng a Current-Monitoring P«..<stor. To 
allow prejlso moasurefViant of output current, a current- 
monltoririg reuiavOr, such es the shunt listed In Table 6-1, Is In- 
serted Ivotween the output of the power supply and the load, 
This trrtintor must be connected os o fcur-termlnal device In 
the svine manner as a mstar shunt would be (see Figure 5-1). 
The load current Is fed to the extremes ot the wire Icodlng to 
thr, resistor, while the monitoring terminals ere located es 
close ea poeslble to the resistance element Itself, A current- 
monitoring res' *or should have low noleo, e low temporuture 
coefficient (lei. then ^pm/°C), end should bo used at <io 
more than 6% of Its rote<i power oo that Its lomperotiira rise 
will be minimized, 

6-12 Constant Voltage Testa 

5-13 Connect ell of the measuring devices used in the 
constant-voltage perfomtence teste directly to the power sup- 



ply sensing terminals ( i-S, -6|. For best acouruoy, the sans- 
ing terminals must be used rather than the output terminals, 
since the measuring intuumenta must bo ronneoted to the 
Bsmo pair of terminals to which tho foedbsck ampllflor within 
the power supply Is connoatod, Tills Is perticulsriy Important 
wlien moesurtng the regulation of the power supply. A 
measurement mods ecrose the load Includes the Impodencs ot 
the leads to ihu load, and such load longths can easily have an 
Impedance aevorel oidera of magnitude gnotor then the sup- 
ply Impedance [typically < 1 mliliohm et do), thus Invalidating 
the moesutomont. 
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Figure 5-1. Current-Monitoring fleslstor Conneotlons 



6-14 To avoid mutual coupling effects, connect each 
monitoring device to tho sensing 'armlnals by e reperoto pelr 
of loads, Use cosxlol cable or Hhleldad two-wiro csbioa to 
ovoid pickup on tho measuring leads. Connect (lie load across 
the output termlnsls ss close to tlie supply ss possible. When 
measuring the constant- voltage performance speclflcetlons, 
tho CURRENT control should bo sol et leost 2% obove the 
output current tho load will draw, since iiio onset of conrtei't- 
curront operation could couso o drop In output voltage, in- 
creased ripple end other porformonce changes not properly 
escribed to tho constant-voltage operation of the aupply. 




Figure 5-2. Osslo Teat Setup 



5-16 Rated Voltage and Voltmeter Acourscy. To 
check that the supply will furnish Its rated output voltego, pro- 
ceed os follows; 

e. Connect test setup shown In Figure 6-2. Opart to tho load 
In constant resiatenco mode (Ampa/Volt) with roelatenco 
initlolly Bot to maximum. 

b. Turn both CURRENT control end OVP adjust fully 
d 'ckwiao. 

c. Turn on supply and adjust VOLTAGE control until digital 



6-2 





voltmalei* (DVM) Indicstoa owictly GOV ImaMlmum rotod out- 
put voltaga). 

d. Front-pkJnat voltirwtor shoutd Indlcuto flOV 

0 . Disoophaci OVM (rotp pow>‘ supply bopso tomilnola and 
connect OVM scrota currQnt-tTiH:nitorlnB rsalator (H|v|l> 

Roduco raalatsnco of load until OVM raoda 1V.5 .nV, In- 
dicoting Itigt current output la o)usotly 17.GA tinsKlmum raiod 
power outputi, Ensure ihot po-wor supply romolns In constant- 
vollsge n'odo by chacMng CV light, 

Q, DIaconnect DVM from R^/j end reconnect DVM to power 
BUpply senau tenninala. 

Il, OVM and front-panel voltmeter ehoutd noth Indicate 

00 ’;. 

0-*# Load Effect Iboad Regulation), 

Oeflnltiont The change In the ststtc value of do output 
voltage lAEgyr) roaulllng from o change In |f id roslatar.cu 
from open circuit to o value which yields rnoxlmum rated cut- 
out current, or from tho latter value to open clmult, 

G-17 To chock the conatent-'roltago load offoot, proceed 
aa followai 

a. Connect tost setup ehown In Figure G-2, 

b. Turn CURRENT control fully clockwise, 

c. Turn on supply and adjust VOLTAGE control until DVM 
Itidicptoi 20V, 

d. 0/sconnact DVM from power supply sense terminals ond 
connect DVM ocrosa R|y{. 

e. Adjust roBlcto*'CS uf toad until DVM roods 60 mV, In- 
dicating thit current output la exactly 60A (maximum rated 
output current). Ensure that power supply remoins In 
constont-voltsge mood by checking CV light, 

f. Disconnect DVM from R^ and reconnect DVM to powur 
supply sense terminals, 

g. Open dc circuit bmokers on load to disconnect toad. 

h. Record voluigo Indlcoted on DVM, 

1, Close dc circuit breakers on lood to reconnect lead. 

j, Wolt 0 few seconds only to ollow DVM to settle. Rending 
on DVM should oot dIRor f im reading of stop h by morn than 
7 mV, 



S-18 Source Effect iLIno Regulelton). 

Definition; Tho change In the btalic value of dc output 
voltage (AEg j'^) resulting from o chongo In oc input voltage 
over the specified range fro. low lino to ,hlgh lino, or from 
high lino to low lino. 

5-19 To check tho source eflcct, proceed as follows! 

0 , Connect tost sstup shown in Figure G-2, 

b. Connect vorisbio aL.'otransformor iretwoon Input power 
source end power supply ec power Input, 

c. Adjust flutotronsformor tor low lino voltage (Paragraph 
2-161. 

d. Turn CURRENT comrol fn!(y cloc’ vise. 

0 . Turn on power supply end adjust VOLTAGE control until 
DVM indicotea exactly MV. 

f. Disconnect DVM from r^wor supply r nnso tormlnols ond 
connect OVM ocro-is R^/j, 



g. Adjust resistance of load until OVM roads d mV, In- 
dlcoilng that currant output Is axactly 4 A. Ensure that power 
auppl'/ remains in cof’Btant-voltnge mode by cliocking CV 
light. 

h, Dlaconnoot DVM from R|yj and raconnoot DVM to power 
supply aonso terminals. 

j, Racord voltage Indicutud on DVM, 

j. Adjust dutotrsnsformor for high line voltaga. 

k. P.eadlng on DVM should net differ ,rom reading of atop I 
by more then G mV. 

6-20‘ PARD (Ripple and Noise,. 

Definition; The residual ao voltage suparimpoaod on 
ttie do oulp jt of .1 ngulotod powe,' auppiy, RIppIo ond nolso 
maaaurnmonis moy be made ot eny Input ac lino voKigo com- 
binoc w^lh any dc output voltage and current withlti (ho aup- 
ply'a roting. 

6-21 Tlio omcunl o( rippl.i ond noiae proacnl on tho powar 
supply output la measured either In terms of Its rma or 
(preforotilyl peak-to-peok voluo. Tho poak-to-peok i .C9fi<uo- 
ment ie paniculady Important (or opplicatlons whore noise 
apikoa could bo detrimental to sensitive loads such os logic cir- 
cuitry. Tito rms meesuromont Is no* on Ideal roprosantsilan of 
tho noise, becouse folrly high output noise npikos of short 
duration con bo present In tho ripple without oppraclnbly In- 
creasing tho rms vcluo. 




Figure 6-3, Constant-Voltage Ripple Teat Setup. 



6-22 Ripple Meeiurement Techniques, Figure 6-3 
showr the method for measuring ripple using a Alnglo-endod 
truo-rooding RMS voltmeter or oscIlloscoFa. Tho power sup- 
ply output tormlnols should not bo connected to ground ,'t the 
power supply terminal strip to prevent oirrent from fawii'g 
through o ground loop ond edding to the measured signal. 
Also, to ensuru ihst no pcvontlel dlffironco exists between tho 
supply and tho RMS volimotor. It Is recommended diid ihoy 
both be plugged ln*o the same oc power bus. If the soma bus 
cannot lie usnd, buth oo grounds must bo at earth ground 
patonliel. 
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D'ZS To tnlnlmlzo pickup, o coaxial cablo or ahloliioci two* 
wlr<) cablo ahould ba used to oonitoot tlio lonalno tarmlnala of 
iho powor oupply to Ibo Input of tlio flMB voltmotor. To vorlfy 
tlint tho RMB voltntator lo not moaturino rippio liiat la Inducod 
In llio looda or picked up from o'ound, turn both tha 
VOLTAQI: and CURRENT controla fully oountorclockwlao rnd 
abort tho vollmotor load to tho voltmotor - load ot tho 
oowor supply output tormlnola. If tho tost aotup la properly 
conflaurod, tho noise value obtained whan the loeda oro 
Bt,w«lod should not be olgnlflcant cumparod to tho measured 
rIppIo value. 

B-24 Ripple Measurement Procedure. To chock the rip- 
ple output, proceed os follows; 

D. Connect test setup shown In Ffguro D-B. 

b, Turn CURRENT control fitlly clockwieo, 

c, Turn on power supply end adjust VOLTAGE control end 
load eo tltot front-panel metore Indicate <tOV end 30A. 

d, Ripple should bo lesa than 6 mV. 

6-25 Noise Spike measurement Techniques. An in- 
Btrumont of sufficient bandwidth must bo used when msklno n 
htah-froquoncy splko measurement. Meosurlno noise with on 
Instrument th»t has Insufficient bondwidth may conceal high- 
frequency spikes tfiat could bo detrimental to tho load. Tho 
oscilloacopo listed In Table 5-1 should bo oporelod with tlio 
bandwidth limited to 20 MHz. A modest Increase In noise 
spike amplitude trey be observed above 20 MHz. 

G-20 A ilrtglO'Onded moBsuramont (replacing RMS 
voltmeter In Figure G-G with on usclllosccoe) Is usually not ode- 
quBte for measuring splkus; e differe.itial occllloscopo Is 
necessary. Gocauso of Its common-mode rejocuun, a differen- 
tial OiHItnscope dlsploys only tho dlfforenco between its two 
vertica' Input terminals, thus Ignoring the effects of any 
common mudo signal produced by the difference In tho ec 
potential between the power supply cose and the oscilloscope 
cose. Before using a differential-input oscilloscope, however, 
It Is Imperctlve that tho common-mode-rejucllon cepoblliiv of 
the oscilloscope be verified. Turn both tho VOLTAGE end 
CURRENT controls fully counterclockwise, short together tho 
TWO Input loads nt the power supply, and observe tho troce on 
tho CRT. If tho trees la a strolght lino, then tho osclltoacope Is 
properly Ignoring any common-mode noise present, If tho 
trace Is not a straight line, then the oacitlosccpo Is not 
rejecting tho ground etgnel and must be realigned In accord- 
ance with the monufecturor'e Inktructlons so that proper 
common-mode rejection is attolned. 

5-27 FIguroi 5-4 shows tho teat setup used to measure 
nolso spikes. Two coaxial cables must bo used. Impedance- 
matching resistors must be Incluoad to ollmlnoU standing 
waves ond coblo ringing, and capacitors must bo connoctoo lo 
block dc. Tho lenyth of the root leads outsldo the coaxial cable 
should bo kept as short aa poulbit. The blocking capacitor 
ond Impodonco-motchlng resistor should bo connected direct- 
ly from tho Inner conductor of tho cable to tho power supply 
sensing terminal. Notice that the ahlelds of the two coaxial 
cables ere not connected to the pows' eupply 




Figure 5-4. Constant Voltage Nolso Splko iVteeauremenl 



Teat Botup 

6-25 Noise Spike Measurement Procedure, To chock 
the nolso spikes, proceed as follows; 

0 . Connect tost sotup shown In Figure 5-4. 

b, Turn CURRENT control fully clockwlso, 

c, Turn on powor supply end adjust VOLTAGE control and 
load so that tho front-ponol motora Indicolo 20 V and 60 A. 

d, Docoubo tho Impodoncd-matchlng roalatora conailtuto o 
2-to-1 ottonuetor, tho nolso splkos observod on the 
oscllloBCopo should bo loss than 25 mV p-p llnsload of CO mV 
P-PK 

6-29 Tho circuit of Figure 5-4 con olso bo used for lh<* 
display I ( tow-froquoncy ripple. Simply remove the four ter- 
minating ’nslstara and the blocking capocltars. 

6-30 <.ood Transient Reooverv Time, 

Dollnitlon; Tho time "X" for output voltage rocovory 
V' ' .itnin "Y" mllllvolte of tho nominal output voltago follow- 
ing 0 "Z" amp step chongo In load currant, whore "Y" Is 
specified as tOOmV and "7." Is tho specified load current 
chongo of 10% of moximum current rotlng. 



6-31 Meaeuremeni Taohniquos. The lood must bo 
switched between two reslstorco vsluoo such thst the load 
current varies 10% of tho maximum current rating at any out- 
put voltage. For example, If the teat Is done at 40V output, tho 
moximum currorit evallobto is 30A, Therefore, tho currant 
should voiv by 3A (10%). A toed Increase of 0.149 (1, from 
1.333 n to 1,4^ n, will oecrease output currant from 3J A to 
27 A, 

V 

5-32 Tho load change need not bo ot tho moximum currant 
ovalleblo, oa in tho provious example, but It should cause a 
rurrorit chongo of 10% of the moximum cunont ovoitsblo. 
Thoryforo, ot tho somo 40V output, tho loac would hovo to 
docrooso C.21B (1, from 1.B1B 0 to 1.G0C 0, to Increase output 
current by 3A from 22A to 26A. Tho moximum current 
ovallablo Is different ot different output voltages, thoroforo tho 
10% voluo Is different for ooch output vollage. Tho teat may 
ho run ot whichever outpit volugo/current co;nblnatton{a) 
is/are of most intoroat. I,’, cl! cai>oa, however, tho load must bo 
Bolected such tliot tho output current Is equal to or groaior 
then 5A both before ond oftor the toad change. 
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6-33 Tlio eloctronto load llatod In Tablo 6-1 hoi provliiono 
foroxtomaHv’ moduloUna the load. Um or o 30 Hx iquero wave 
modulating k ^nol providei a repetitive diipley that li eaiy to 
oburvo, (follow tho manufooturor'i inatnjctioni (or operating 
tile electronlo lood to ewitch t)ie load current by 10% o( the 
power luppl/i mokimum output current capoblllty at the 
oelectod output voltage le.g.t between 00% end 100%, be* 
tween 30% end 46%, etch 





Figure S*6, Load Tranalint Recovery Weveformt 



6*34 Meeaurement Procedure. To chock load tranaiont 
recovery time, proceed os follows; 

a. Connect the test Botun .hown In Figure &8. 

b. Sot electronic load for oxternol modulation, ond adluat 
toad (or moximum curre.it to be used in toot. 

c. Adluat squore wave atgnel eourco for 30 Hr modulating 
aignal. Signal levels should be chosen In occordonce with load 
manufacturer's requirements for varying lood current by the 
desired amount. 

d. Set oscilloscope for Intomol sync end lock on either 
I' jsitive or negative load transient spike. 

0 . Sot vertical Input of oocilloscope for ac coupling so that 
smoll dc level changes will not cause display to shift. 



f. Adjust oscilloscope to display tronslonta os In Figure 6*0, 

g. Rocovery of power supply output voltage to within 100 
mV of nomlnel output voltage ahould bo within two 
milliseconds, 

0*30 Temperature ooofflolent. 

Definition; Tito change In output voltage per degree 
Celsius chongo In omblent temperature moosurod while eo lino 
voltage, output voltage setting, ond lood resistance are ell hold 
constant. 

6-30 Tho temperoluro coefficient of a powar supply Is 
moosurud hy placing tho unit In on oven or;d varying tite 
temporature over ony apan within tha power eupply'a rallng. 
The power supply temperature must bo ollowed to :;tobtll» for 
e eufficlont time ot each meosurerntmi temperotuiu. 

6-37 The tomporeture coefficient given in tho epoclflcetlon 

table le the moximum tomperaturo-doponaont output volUigo 
change which will result over ony one-degree Interval. Tha 
digital voltmeter used to measure tho suppl/s output voltage 
change ahould bo placed outeldo U;e oven rnd should have o 
long-term stobtllty adequate to Insure thol Its drift will not 
affect the overall moaauremani occurocy. 

6-38 To chock the temperature coofflclont, proceed as 
follows: 

e. Connect lood ond digital voltmater os liiustratod In Figure 

6 - 2 . 

b. Turn CURRENT control fully clockwise, 

c. Turn on eupply and odjust VOLTAGE control until digital 
vollmotar (DVMI Indicoteo oxaclly GOV (moximum rated out- 
put x-oltogo). 

d. Disconnect DVM from power supply sense temiinols and 
connact DVM ocrose currcnt-monltorlng rosislor (Rn^). 

e. ReducB rosistanco of load until DVM roado 17.6 mV, In- 
dicating ihot currant output Is exactly 17.6A (maximum rated 
power output). Ensure that power supply romalns In constant- 
voltage mode by chocking CV light. 

f. Disconnect DVM/rom R|;^ and roconnect DVM to power 
eupply sense tom'ilnote. 

g. Piece power eupply In tom pore lure-con trolled oven 
(DVM remains outside oven). Set lomporoture to SOX and 
allow 30 minutes wsrm-up, 

h. Record DVM reading. 

i. Rolso tomporoturo to 40°C end ollow 30 minutes 
warm-up. 

j. Observe DVM reading. Dlfforenco In voltego reading be- 
tween stops h ond j ahould be loss thon 80 mVde. 

6-39 Drift (Stability). 

Definllton: The change In output voltage for the first 
eight hours following o 30-mInute warm-up period, During the 
Interval of moasurement. Input lino volhsgo, lood resistance, 
and ambient tomperolure ere all held constant. 

6-40 This meosuromont la mode by monitoring the output 
of the power supply on n digitol voltmotor over the stated 
measurement Intervol. A strip chert recordb.' can bo used to 
provide o permanent record. Piece o thermometer nee.' the 








tuppiy to VQHfy Uutt tii« amblatit tamporoiuro rumstni con* 
ifant duHno Iho period of in«&suremoiit> Tfio lupply should lio 
located owoy from r.ny eourco of stray sir curroMl. If possiblo, 
pld|» the supply In on nvon and hold It at a constant 
toniperatum. Take uro that th« moasurino Inatiumsnt has an 
alght-hour stability ut losst nn order of maanltudo hotter tlian 
th« stability spocltlcrition of iho povyor supply being tested. 
Typically, 0 supply will drift lees ovaf the oight hour measur* 
man: Interval than during tho ItsIMiour warm*up period, 

Ml To check die output ateblllty, proceed os followst 

0 , Connect load and digital voltmeter (OVM) as Illustrated 
In Figure t>*:, 

b. Turn CUnnENT control lulty clockwise. 

0 , Turn on eupply end udjust VOLTAGE control until DVM 
indlcatee exactly COV (maximum rated output voltege). 

d, Disconnect DVM from power supply sense terntlnols and 
connect DVM across current-monitoring resistor |R|y|l. 

e, Reduce resistance of tood until DVM reads 17,6 mV, In- 
dicating that current output Is exscfiy 17, 6A (maximum roied 
povyer ouiputl. Ensure that power eupply remains In constant- 
voltage mode by checking CV light. 

f, DIsconect OVM from R|^ end reconnect DVM to power 
supply sense terminals. 

g, Allov\ 30 minutes warm-up, then record DVM reeding, 

h, After eight houra, DVM reading should not differ from 
reeding of step g by more K.Han 2^ mVdo, 

B-42 Constant-Currant Tests 

5- 43 Ttie Instrumonis, methods, and precoutlons fcr the 

proper meani‘rement of constant-current power eupply 
cheractertstice ere for the most part Identical to tliose already 
described for the moeouromont of oonstont-voltego 
charoctsflslice, Ttie main differonca Is that tho power supply 
performance will Ire chocked between short circuit and full 
load rather then open circuit end full lood, 

M4 Current Output end Ammeter Accuracy. To 
chock that tliu supply wilt furnish Its roted output current, pro- 
ceed os follows: 

r, Connecttest setup shown In Rguro 5-2, Operate (ho lood 
in constont resistance mode (Ampe/Voltl with roclttanco In- 
itially sat to minimum, 

b. Turn VOLTAGE control fully clockwise. 

c. Turn on supply end adjust CURRENT control until DVM 
reads 60 mV. Indicating that current output Is exactly 60A 
(moximum roted output current), 

d. Front-panel ammeter should Indicetu 60A ±3%. 

0 . Disconnect DVM from Rj^j ond connect DVM to power 
supply sense termlnbls. 

f. Increase reatstenco of load until DVM reads exactly 20V 
(maximum retsd power output). Ensure (hat power supply re- 
mains In corritont-curront mode by checking CC light. 

g. Disconnect DVM from power supply sense termini's and 
reconnsct DVM across Rj^^. 

h. DVM should indicate 60 mV, front-panoi ammeter 
should Indicate 60A ±3%. 

6- 46 Load Effect (Load Regulation). 

Oofinltion: The change In (ho static value of the dc 
output current (AIqu-j-) resulting from o chongo In lood 
reslstoncs from short circuit to e volue which ytsids maximum 
rated output voltage, ( from tho latter value to short circuit. 



Mb To check tho constant-current load effect, proceed 
os followst 

a. Connect tost setup oluiwn In Figure 6-2. 

b, Turn VOLTAGE control fully clockwise, 

0 . Turn on supply end adjust CURRENT control until DVM 
reads 60 mV, Indicating litat nurront output is exactly 60A. 

d, Disconnect DVM from R|^ end connect DVM to power 
supply eense terminals, 

0 , Ad|unt resistance of lood until OVM Indicates 20V, En- 
sure that power supply romalne In constant-current mode by 
choiiking CC light. 

f , Disconnect DVM from power supply cense tormlnole ond 
reconnect DVM to Ru. 

g. Record vollogo Indicolod cn DVM, 

h> Short circuit load, IFJeotronlo load listed In Table 6-1 has 
short circuit switch.) 

1, Walt a fow aoconds only to a 'low DVM to sottle, Reading 
on DVM should not dlffor from resolng of stop g by more then 
10 /iV. 

M7 Source Effect (Lino Regulation), 

Dollnitiont The change In (he etet'o value of do output 
current (AlQy-j-) resulting from a oliango In ac Input voltogo 
over the specified range from low lino to high line, or from 
high line to low line, 

6-40 To check sourco effect, proceed as followst 

e, Connect tost setup shown In Figure 6-2. 

b. Connect variable eutotrensformer between input power 
eourco ond power lupp'.y oo power Input, 

0 , Adjust eutotmnsformer for low line volurga (Parograph 
2-16). 

d. Turn VOLTAGE control fully clockwlso, 

e. Turn on power supply ond adjust CURRENT control until 
DVM roads 60 mV, Indicating (hot curront output la oxactly 
6QA (maximum rot^ output curront), 

f. Disconnect DVM from Rfifl ond connect DVM to power 
supply sense terminals. 

g. Adjust resistance of lood until DVM reads exactly 6V. En- 
oure (hot power supply romalns In constant-current mode by 
chocking CC light, 

h. Oiscot ,iect DVM from power eupply ssnse terminals end 
reconnect DVM across R|^, 

1. Record voltage Indicated on DVM. 

|. Adjust outotronsformer for high lino voltage. 

k. Roodlng on DVM should not differ from rasding of slop I 
by more then 10 nW, 

MO PARD (Ripple end Nolao). 

Definition: Tlia residual ao current superimposed on 
tho dc output of 0 regulated ponoi aupply. Ripple end noise 
measurement moy bo msoo of ony Input ac line voltege com- 
bined with any do output voltage end load ourrrent within the 
supply’s rating. 

6-60 Moat of tho Instructions pertaining to pickup 
problems osaoclatod with constonf^vottago ripple end noise 
measurement also epply to the mtusuromom of consumt- 
curronl ripple and noise, Tho current probe listed in Table 6-1 
clips on one of the load leads. 

6-51 To chock tho ripple and noise, proceed os follows: 

e. Connect test setup shown In Figure 6-7. 

b. Rotate VOLTAGE control fully clockwise. 



6-0 



0 * Turn on supply and odjust CUflRENT control and load oo 
that tho fronl'panol maldra Indicoto 60 A and 20 V> 
d, Ttio obaervad rtppio and nolia should bo loss than 26 mA 




Flgura 0-7. Constant>Curr«nt Rlppto and Nolso 
Maasurament Tosi Setup 



6'62 TROUBLESHOOTINQ 

I WAnNINO^ 



6-&I Ttv; moat Impart/mt aspect of troubloslioollno la Itio 
formuloiton of a loQlcot approach to locatino tho souice of 
trouble, A good undarstandlno of tho principles of oparallun la 
particulady helpful, and It Is rocommonded thot Section IV of 
(his manual bo revlowad before ollampllna to troubleshoot the 
unit. Often itio user iMIl then l» able to Isolalo a problem aim- 
ply by ualng the operoilno controla and Indicotora, Once tho 
pKncIptes of operation aro undoratood, refer to tho follovylnp 
paraarophs, 

6-66 Section VII contains a schematic diagram end Infor- 
mation concemino tho volUro* levels and wevoforms o( many 
of the Important tost pointe, Ssctlon VII also Includes compo- 
nant location dloQroms to help tho user locale tho unit's com- 
pononta and test points, Most of the lost points used for 
troubleshootlna tho supply ore located on tho control board 
test "flnaars”, which are readily bccosslblo at tho top of the 
board. 



CAUTIf)N 



To dttmBgfng f/io 60)2A, bo canfol not to 
abort circuit tost pb/iUs together. Tho safest mo 
ttce Is to turn the 6Qt2A off while conryeetbg and 
disconnecting tost Insduments, 



Maintenance described herein Is performed with 
power supplied to r/ro /nafrurnenr, and protective 
covers removed. Such meintenance should be 
performed only by service-trained personnel who 
era aware of the hatards Involved ifor example, 
fire end electrical shock). Enarglte the power sup- 
ply through an Isofatlan transformer to lessen the 
danger rf alectrical shank from contacting an 
energized circuit while contacting the Instrument 
frame or other eerth ground, (The Isolfition 
dansformer must have n power rating of at least 4 
kVA.I The safest pnetice while working on 
energized circuits Is to disconnect power, make or 
change test cannettlons, and then reapply 
power. 

A red LED tOS!) on the main board lights to 
d/cate that the Input bus Is energized, OS I Is - 
eluded In the event the relay Kf contacts ere stuck 
or welded closet/. In this case, the Input bus re- 
mains energized even when the LINE switch Is 
turned oft. DU! goes out when the Input bus 
voltage drops below oppraximatety 00 Vdc, Some 
components era et ae line potenda! even with the 
LINE switch off. 



5-63 Before ottemptinp to troubleshoot this Instnjment, 
onsuie that tho fault Is with the Instrument Itself and not with 
on associated circuit. The performonco tost enables this to bo 
determined without having to removo tho covers from the 
supply. 



6-60 If a component Is found to bo dofoctlvo, replace it 
and re-conduct the performance teat. When o component is 
roploced, refer to tho repair and adjuatmont portions of this 
Boctlon, It may bo nocosaory to porfomi ono or more of the od- 
lusbnent procedures after o component la replaced. 

5- 67 Initial Troublaahooting Prooodiiras 

6- 6Q If a problem occurs, follow tho atof below In se- 

quence: 

a. Check thot Input power Is avsllablo, and check tho povrer 
cord and rear-panel circuit breaker. If b'saker trips while 
power Is on, or if breaker Is found to be tripped at any time for 
unknown reasons, refer to Figure 6-11, Slow Start Procedure, 



CAUTION 



To prevent excessive Inmsh current, do not manually 
operate relay K1 on main board. 

b. Check that suaps on (he rear-panel termlnol atrip are 
properly connected, 

c. Check that all connections to tho power supply are 
eecuro and (hot circuits between the supply and external 
devices are not Interrupted. 

5-53 Troubleshooting Test Setup. Before continuing 
with troubleshooting, proceed ar follows: 

0 . Turn off supply end disconnect all loads. 







Figure (3-0. Overall Troubleihaotiiig Tree. 
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Figure 6-0. Troubleiliooling BIbi Suppliei 
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l>, ConnocI d UO-olmi -W waii loatj realator bc«m output 
torminola. 

c. Coptiflot a iJIgllal voUnwlor IDVM) ocnxw output tor- 
mlnala lo monitor output vott»o«* 

d, Turn VOLTAGE and CUARENT control* to mld rono* 

(B turn*), and OVP ADJUST control to maximum (fully CWI, 

0 . Ramovo lop covQo 

f, An oxiondof card, HP Pait No, tSOOO-3000, can bo 
uaad wUb Hw A2 Control Board to ollovy aaay accaa# 
to componanta, 

G-60 Ovarall Troubto laolotlon 

Sfll Onco til* i**l aaiup la atrangad, procood to tha oy- 
verall iroubloahootlng troa In Rgura B-0. TItl* troa will laolata 
trouWa lo a particular circuit, TaUla M provide* Information 
llwt tha uaer who undantand* the oparatlon of the circuit as 
doacrlbad In Saction IV can uia wWt atandard iroublaahoollng 
procaduraa to locata tha iroubla, 

B-02 Tlta following noia* apply to all trouWoahooilng pro- 
cadurea, 

1 , Befora removing or replacing componanta, turn power 
off and dlcconnact ao power cabla. 

2. Allow two minute* for capacitor* to dlwharge bafoio 
making retlatanca check* or removing componanta In prlmatv 
circuit. 

3, Unlasa othaiwlaa noted, all voltage* mea*ured wlih 
roapect to bloa common (available at A2U1B caael. 

A, Number* In brackata refer lo waveform* ehown In 
Rguro 7-0, 



D, Tire irouble*hoollng troa* and table provide general 
guideline* to help laolate trouble, Tliey will not iiolnte all 
poaelbla trouble*, TIte uaer ihould uaa lignal tracing and other 
•landord iroubleehooting technique* to Identify faulty com- 
ponont*, Tire uier I* reepontlble for connecting and adjusting 
meter*, o*clllo«cope*, alo, properly, 

0, Before replacing a corrtponent, clieck connociioni lo 
the conrponent and eniure tliat bias voltage* lo the compo- 
nent are correct. 

7, After Isolating and corrocilng a problem, go bock lo 
beginning of troubleshooting tree. 




Table 6-2, Dlsi Voltig* Cheek 



Dta* 

Voltage 


Measurement 

Point 


Normal 

Range 


Check Thaso Componeirta 


r-BVRog 


PinM 


+ 4,7BVto +B.25V 


Check tor presence of f BV Unreg 1 r- 12V to t- 10V, pin K), 
If absent, clieck A1T3 pin* fl and 10, A1CR7-0, A1C14, 
A1R18, A1VR2. If present, clieck A2U1B, 


r- 1BV Reg 


Pin 12 


+ 14,10V to + 16,00V 


Check for presence of I- 16V Unreg ( + 18V to + 31V, pin 
D|. If obeenl, check A1T3 pin* 7 end 11, A1U4, A1C16. It 
present, check A2Q11, A2U16, A2R148, A2R1B0, A2R1B6, 
A2niB3, A2R24, A2R28, A2VR6, A2C46, 


-12V Reg 


PInP 


-12.06V to -11.04V 


Chock for presence of - 17V Unreg 1 - 19V to - 31V, pin 21. If 
absent, chock A1C1B. If proeenl, check A208, A2U17, 
A2R142, A2R143, A2R1M, A2niB7, A2Cyfi. 


All bla* voltag 
list* lemicoft 


e* measured at contiol board test (ingom IP2I with respect to bias common at pin E or at A2U1B case, Table 7-2 
luctof component* operating on each bias supply, 



6-10 
















^ wtnuWiwioi 
> 



-" I WJHTiU fi t MHMIJII 



tXI« AM 



UMI VDt ViMVt K 
ItBt 



Ksyiw 

tMM 



Trt» 



^SnIII S^jutw - 

^It KJMnO«»> 



Hut**l'<t* 



M>f hMatKM M/u 
HitUMtf ton BV 



rMt»O)M* 0 r««t>IIW 
rv1 VC leu AM ltMl^ 
luUtfVl.MiUfHM 



VMtlt 





04U Mil AWQrH.t 




Ciia^if 




I (]jMfiii ruM • nrw 

Mii i^tr »jMi »cicv t|i AkiMn t* »rA) 



ti w»i roi iKi*M 

CVPVt DdH AitIMT 
M/IC Vf^T f 'Q 
K\ 



>f>T iiM^^rv^a 

^ fMro» 

»ri ALiM»<n<>iri>i 



uvuriii, iMVCff 

OMraMJIT\ MCAl-rJi^ 

a^tMaA 




«(»,t »A» 



RVMMr AVIV^ 

S^vinvr^ 



(MCto^fMtnor 
Avj.wn vrijMnMi 
I A, mM.MDAIC VAiA 
iMUfratUMKM 
IQV 4 M 




‘IW \ 
•MTIIM I* > 
\ in ^ 



NMkTMNr IMVI m- 
( arH«miA«AiAi 
I AiAMriUMtlOAAM 






I wmm von rikJi 
I «.*«» MQ ormic 



nruniMXAM mi} 



tHti A*rf A^Txrj.'ti^A 

fc.'MI M4 



wni 

I l«Mfl 4 »MAcAirif I NnVVAt Mfl/CMit 
ArrtM ri 

I fU Mt ■ murlDiAlltllOil 

VMPi omrf 0a ta tutf^fijfa irm 




5 -tl 






















Tdbto B-3, Troubichooling 




Bt2 




Tabu 5^ TroubUfliiooti’ig (Contlnuad) 



CC Cirsuit 

1 , VoltAoa from A3 lo A6 •hooW vary from 0 to B vdu a« CUnnENT comrof h wf«d from minimum to maxltraim, Oihar- 
wk«, chock CUffRttNT comrol «no cjiput of conatanf’curront ^ourco A204. 

Z TnK« tipnal thrcu(^ A2U6C. Amplifier output (pin Si vhould bo hiph when non-fnv«'>ilno Input ( f , pin 10| le more 
pooltivo then Ik verting Input (>, pin 9|, 

3. (Swne M ctep 3 In CV Circuit! 

4, A6U2 output (pin Si liwuld very frum 0 1 5 volte es 60I2A output current vsriee fror^ 0 to 60A. Otherwieo, chock A2U2 
and aeeocJeted components, Including adjustment potentfomefen A2R22 and A3R23, 

B, A2U6A output (pin 1) should elwav* bo high ( <• + 1EV) during nornul oporatlon (output cunont ssBSAi, A2UBA non- 
inverting Input ( > , pin 3) shtHjId always be r-6.6V. 

6, A2U1R output (pin 7) should bo within r- or -lOOmV at dc. A2U1A outprit (pin 1) should bo with. i f or -1,6V at dc. 
This dc level should not affect the dc level at A2U6C pin 0; otherwiea chock A2C3 and A3R7. If user Injects it sinusoid be- 
tween A3 andAB, ac gain from + S to A2U1A pin f (both referenced to A6) should bo unity at 22Hi, 2.7 at COHi, and 6.6 at 
120H2. 



OVP Circuit 

1. With OVP ADJUST fully CCW, OVP light should bo on, output voltage should bo s2V, and lest point A2P2-9 should bo 
low. Otherwise, check A6R4, A2J2 and cable from front pand, A2U19A, A2Q9, A2Q10, A2VR6, and asaoclatad com- 
ponenta, 

2. When OVP Is tripped, A2U19A non-lnvartlng Input ( + , pin 31 should be more positive than Invenlng Input h pin 2), and 
A2U19A output {pin 1) and A2010 base ahoutd bo nigh. 

3. With OVP ADJUST fully CW, turn power supply of. for at least two seconds and then back on. Test point A2P2-9 
should be high, OVP Ught should be off, and output vottage is determined oy setting of VOLTAGE control. 



Qiee Voltage Octector/Dropout Detector 

1. A full-wave rectified 120Hi alne wave of approximately 16 volte peak should be present at A2PM0. Otherwise check 
that A2 control board la properly aligned and fully aeeted, and check A iCR6 and A1CR9. 

2. Output of droprxjt detector ramp circuit at A2U130 pin 1 shoirld be • ‘ 6V (use high Impedance voltmeter, a lOMfil. 

3. Output of slow-stA/t ramp circuit at A2U13C pin 14 should be «0V, 

4. A2U16AplnSshouldbe » t^O.TV. 

5. A2l/t6A pin 7 should be < +0.2V. 



G-63 REPAIR AND REPLACEMENT 

I WARNING I 

Disconneet tf» power iuppfy from the ac fine and 
volt two minutee before performing any repair or 
lapfacement procedurea, 

&-64 Outside Cover Rum ova I 



6-66 To remove (op cover, remove the three screws, one 
at each side and one at center of rear panel, (hat secure top 
cover to Instrument, Lift back of cover, slide cover to (he rear, 
and lift off. 

6-66 To remove bottom cover, proceed as follows; 

a. Remove two pan-head screws that secure cover to 
rear pend lone at each side). 

b. Renw'o two fiat- head screws from front edge of bot- 
tom cover. 
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nomovD {-Mr icrewf tl^atiiocuro two carrylna etropg to 
oliioa of liittrum^nT. 

d> Lift back of cover, elide ct>ver to rear, end lift off, It Is 
not necatfvw tc raniovo Inetnjoufit feet, 

A2 Control Bonrd Romoval 

6-C8 Tito control board Is hold In piece by two scrows 
through the side panel, To remove jhe control board, proceed 
os follov/s: 

a, nemove lop cover, ' 

b. Disconnect all wires from ritar'pctiel teinilnol block, 
0 , Unplug cable from option card (if Inatallod). 

d. Unplug cable from front pa iel, 

0 . On eldo panel, remove tvm flat-heod ecrewe that 
secure control board to rlght'Slde punel, 

f, Qroop control board car^vlly end pull upward to 
unplug It from main board. Do not use apocore between con* 
troi board end side penal lo pull conlrol board, 

g. To remove U16 from conlrol board, first remove two 
ecrows that secure U16 case and hiiaiaink to printod>clrcult 
board. Then unsolder both U1C pins from board. 

NOTE 

Whan raptaetng U1S, you nmtimada thin leyar 
of heatsink compound hotween U16 case and 
heatsink. Do not use any comppuhd containing 
silicone. An organic line oxide cream, such as 
American OH And Supply Company Heatsink 
Compound #100, Is recommended. See Figure 
&12 for location of mounting hardware. 



h. When replacing control board, carofultv line up con* 
neotor on botr .■ edge with sockit on mein board, 

I, Corofully press r^jntrol board clown an it is properly 
aligned and fully eeaiad In metn-boerd s<)ckot. Control board is 
fully seated when prlmed-clrcuit booro provaea against both 
onds of moln*bosrd socket. Do not puiih down on any com* 
pononts on control board, 

). Replace two ecrewe thet aecure control b . rd to elde 
panel. 

k. Reconnect cable from front panel to J2 eockot. Rod 
tracer la to front of Instrument (white r,ot on control boerdl, 

l. Reconnect cable Irom option card (if InetAllodl to J1 
Bockat, Red tracer Is to front of Instrument (white dot on con* 
uol board. (Incorrect replecement will domago option boerd.) 

m. Reconnect any wires disconnectad from rear*panel 
terminal block. 

6*^ A3 FET BoQfus and A4 Output Diode 
Board Removal 

5*70 rhe t>vo FET bosrd sssembltes and the output diode 
board assembly plug Into sockets on the main bosrd end are 
hold in piece by the hoetifnk cover, which is screwed to the 
fun bracket, To remove these essembllos, pmcr,ed as follows: 



WARNING 



Walt two minutes for Input capacitors to 
discharge before removing heatsink cover otper^ 
lorming any malntanance procedure. 





Figure S*12. A2U1S Mounting Hardware 



a. Remove eight aciows from heatsink cover (two screws 
hold heetaln): cover tn fen brockiit, six ecrewe fusfen heatsink 
cover to FET board end output diode board ossetnbliee), and 
lift cover off, 

b. Pull BBSombly upward to unplug It from mein board. 

c. When repkicing asaambites, bo certain to replace 
assemblies in proper locations. With user facing f nnt ponol, 
the FET boerd essemblios (It In left end center sockets, with 
printed-circult board facing loft. The output diode boerd 
assembly fits In right socket, with printod-clrcuit boerd facing 
dght, 

d. After replacing FET board oni output diode board 
asstmblies, replace heatsink cover. Bo certain all six plastic In* 
serts, two in each hestatnk, are properly located under screw 
holes In heatsink cover. Start ecrewe Into plosllc haotslnl; In* 
serts cerofully, end do not aver*tlghten. 



CAUTION 



To prevent heatsinks from shorting together, do 
not oparsre rawer supply without heatsink caver 
In piece. Be certain that all six plestlc heatsink In- 
serts era property located under heatsink cover 
holes and engaged by six heatsink cover screws, 

6*71 FET Board Disassembly 

B*72 To dliassemblo a FET board, proceed os follows: 
a. Unsolder both wires from thormostst. 
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b> Ramovfl four ecrowa that 100001 PEI and hoottlnk to 
printod'drcult board. 

c, FETo plug Into ptna that oro ^oldorod to printod’drcult 
board. Do not unaoldor theso pin*. Corefulhr unplug each FET . 



CAUTION 



To 9 Votd damage to FSTs, fmdia with can when 
out of circuit, Use a grounding strap to avoid 
static discharge Into gate. Avoid touching gate or 
source pins, FETs should he replaced In pairs; If 
one rrr on a FET board has to be nplacad, 
replace both. 



G>73 Ouiput Diode Board Dleaoaembly 

5-74 To dltoasomblo Iho output diodo board, proceed os 
followa; 

0. Unsolder both wires from thoimoatet. 

b. Unsolder both wires from output diode at points A end 
D on prinicd'clrcult board. 

c. nemovo throe screws, two of which eocuro Q1, thot 
secure heatsink to prlnted'clrcult board, 

d. Qt plugs Into pins that oro soldered to prlntod-circult 
boord. Do not unsolder those pins, Carefully unplug 01. 

NOTE 



NOTE 



When replacing FETs or thermostat, you must 
spread a thin layer of heatsink compound be- 
tween component and heatsink. See note follow- 
ing Paragraph 6-dfl step g for recommended com- 
pound. 



d. Before re>aBsembly of FET board, ensure thot pleeilc 
Insulators for FET leads remain In heatsink. Figure B*13 ahows 
T03 component mounting. 

e, Ensure that four pins for FET leads oro etandlng 
avsight up from prlnted-cIrcult board. 

f, Mote prlntod-circult boord with heatsink, ensuring thot 
four FET-leed pins fit Into four holes In hoaUlnk. 

g, worofully mote FET leads with pins extending Into 
heotjink from printed circuit board. 

h. t'eplaco four screws that secure FETs and heoislnk to 
printsd-circult. 

i. Ro-solder wires to thermostat. 
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Figure 5-13. T03 Compononta (A3Q1, A3Q2, A4Q1) 
Mounting 



When rep,„clng Ql, output diode, or thermostat, 
you must spread a thin layer of heatsink com- 
pound between component and heatsink. See 
note following Paragraph 5-68 step g for recom- 
mended compound. 



0. Before 'e-esscmbly of output diodo board, ensure that 
plastic Insulators for Q1 leods remoln In heatsink. Figure 6-13 
ehoyra T03 component mounting. 

f. Ensure that two pins for Q1 loads ore standing strelght 
up from prlntod-circult board, 

g. Mote printed-drcult board with heotsink, ensuring thot 
two QMood pins fit Into two hoics In haatsink. 

h. Carefully mete Q1 loads with r' *s ex'iondlng Into heat- 
sink from prlntod-circult board, 

1, Replace throe screws that secure Q1 and heatsink to 
prlntod-circult board. 

j. Ro-soldor output diode wires to points A end D 
on printed-circult board. Ensure gof/d solder connections, 
because those connections cony the 'ull output currant, up to 
60A. 

6-7B A1 Main Boord Removot 

6-76 The main boord Is held In placr by 10 fC 32 screws 
(see Rgure 7-il. Those 10 ecro’/rs Inclu two thot eecuro K1 
to the mein board, four that erx:ure T2 j the mein boord, and 
two that sec re T3 to the m,oln boord. To remove the .mein 
board, proceed es follows; 



NOTE 

Certetn components can be eccessed through 
bottom chassis vdthout removing main board, 
See Peregraph H-79. Patsy PI can be removed to 
allow access to components under PI without 
removing main board. Sea Paragraph 5-77, 



B, Remove control board, both FET board ossembiloa, 
end output dioda board osaombly, 

b. Remov-j rod and block wirea from output bue bars. 
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c. Reniova anv.( tea ony ^.vfra* connoQtod to irialn Iwa.’il 
from ccfnponenU not on mein board. Note timt tlili otop li re>- 
'tutrod only If main boa.'d lo to bo complotoiy removed from 
unit. Mn,in board can br pulled up snd turned on Ita aide 
virithout removina any wire« 

d, Romovj 16 mountii;<) tcrowa {boo Rguro 7-1 for 
locaUann), 

0 . Lift board up H Inch ao capocllor bracket deem 
Bpaoere under four lat^e filter capecltore, end till boord to 
allow occeas to bottom of board. 

6*77 Hulay K1 Rrymoval 

6-78 RefiBtore R1. R2 end R3 ore mounted under relay K1 
on moln board. To remove Kl, proceed as followa: 

0 . Remove and tag alx wiroe connected to K1 from mein 
board iRgure 7-1 ahowe wire colore and locational. 

b. 'emove two eernwa ihut eecuro K I to mnln board 
(Fiouro 7-1 ehowB acrow locotionel. 

C-79 Componont Aocoas Throitoh Bottom 

Chassis 



6-80 Roure 6-14 ahows componanta on the main board 
that can bo occceaed tlnough holea In the bottom cl'easle, 

6-81 Front Panel Removal 

64)2 The front-ponol controls and Indicotora ere wired to e 
printed-circult bcaid mounted directly t 'hind tlio front panel. 
To remove the front panel, proceed ea toUowet 

0 , Removr, too cover end dliconnooi frunt-panel ribbon 
coble from J2 on embol board. 

b. Remove suap-out ploatio trim atrip t'lar oxtt nds jcroic 
top of unit ebove front panel. 

0 . Remove two flat-head aciewa in chenni?! from which 
trim atdp wos mmovod (one at each end). Other acrewe may 
ahow throuph holes in thr front chaaaia, do not rutnovo (ham. 

d. Turn unit bottom up and repeat otep o for bottom of 
front panel. 

e. Turn unit top up end carefully pull front panel out from 

unit, 

f. Remove twn acrewe ot top and throe acrowa at bottom 
that BOcuFO front panel to bracket behind front panel. 

g. DIsconnctct ground wire f.'om lef^ aloe of choeala. 






in Roma/d f(HjrscratVftil>Bts«cuniprint«<iH:irojltbotad 
tu brackot. be ccraful not to break conneciiono to front-pair^ 
polar tiamatara or matare, 

(. When reptadno front panel reervamber to put rB}bo<i 
cable Urreuah hde in dbht ^ido of fan bracket, end reconnect 
ground wire. 

j. f^'tlic (dm atdp '^croae top of hont pend ahouSd Im 
ijplaco'l with chan.'vtl m ''dp towoni nat of inatmrrwnt. 

5-83 Replacement Parts 

5- 04 Sacdon VI of this manukd contatre a fiat of replace- 

, ment parta. If the port to be reptece!.! doua notli Jve a atandard 

manuf actuar'a part number, It le a apedal pert and must be ob- 
tained dtreetty from Hewtatt-Packerri. AUar repUdng a com- 
ponent, refer to Tebla 6-4 for sr^ustmenta that n..jy be 
nocec«arY. 

6- 06 So.ne comporrenta are n>ounted with apacare, In- 

Buiatora, etc. on loeda. Be certain to note location of all 
mounting pieces before rwnoving component, end replace all 
places (n proper location, 

6^ ADJUSTMENT AND CALIBRATION 

B-07 Adjustment end calibration may be raquira i after par- 
formancQ testing, troubleahooting, or repair and replacamont. 
Perform only (iioae adjuatmenta that affect the operation of 
the faulty circuit, Table 5-4 lleta aymptoms Indicating that ad- 
justment la nocessary. If two or more adjustments will be 
mode, they should be performed In the order In which they are 
listed In Table 5-4. 

6-88 Unlaaa othenivlae stated, all adjusimonta are per- 
formed with the power supply atrapped as shown In Figuro 
3-3. The unit should have bean turned on for at least 30 
minutes before performing eny adjustments to ollow it to 
re3s’h normal operating tamporaturo, 

WARNING I 

Tf)a power supply should be turned off while 
mekfns end removing connections to the rear^ 
panel terminals. 



&8B All Jdjuatmant potontlomatara are located along the 
top edge or (tie control board, Figure B-ICahowa the location 
oi the bdjuatmonta as viewed from the left of the Instrumont. 




Figure 5-16. Looetlon of Adjustment Potentlometera 



6-90 Meter Zero Adjustment 

6-81 The motor pointers must point to zero on the motor 
scales when tha Instrument Is ot normcl operating temperature 
In Its normal operating position, and turned off, The some pro- 
cedure Is used for both meters. To zero o motor, proceed os 
followa: 

a, Turn power supply off end wslt throe minutes for 



Table B-4, Adjusimentt 

Adjustment Sympton Indicating Adjuetmont Neceatai / 

A2R20 Ip Limit Output unrogulolod oven though operating within power limit Iset loo lowl, or provides more 

then 26V at GOA Isat too high) 

A2R21 CV Offset 0-volt programming Input does not produce 0-volt output 

A2R2Z CC Full Scolo 6-volt programming input doos not produco 60-amp output 

A2R23 CC Oifsot 0-volt programming input does not produco 0-emp output 

A2R24 Constant-Current Source 2.6k resistive programming input doee not produce 60-volt output 

A2R130 Ammeter Adjust Front-ponol ommetor does not agree with output currant Indicated by DVM connected across 

shunt In series with output 

A2R131 Voltmeter Adjust Front panel voilmotor does not wth DVM connected to output terminals 
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power eupply cepedtors to diachargo complotolv. 

b. Inaort a amaihblada acrewdriver In metanadlust acrow 
(about one Inch bdow meter face) end turn acrew until pointer 
pointa to zero mark on acalo, ' 

&-S2 Ip Limit Adjuatritont 

6-33 The Ip limit adjustment ensures thot tlie power sup- 
ply will provide maximum output power under worst-case 
conditions, Virlth power supply turned off, proceed os follows; 

a. Connect load and shunt to power supply output; ter- 
minals as In flgt'i'fe 6-2, Operate load In constant current 
mode, end adjust load to drew more than 62A. 

b. Connect digital voltmeter (OVM) across Input bus, 
Input bus voltage can be monitored betvmin ends of R6 ( + ) 
end R6 (-) toward front of Instrument on main board Isoe 
Tlguro 7-1). Note that this voltage la reforenced to the oc line. 

c. Connect a second DVM across shunt. 

d. Connect power aupply ec Input to e variable 
autotrensformer. 

e. Turn VOLTAGE end CURRENT controls both fully 
clockwise, and turn Ip limit adjust (A2R20I fully 
counterclockwise. 

f. With flutotransformer aat at zero volta, turn power sup- 
ply on. Increase eutotrensformei voltage until Input bus 
voltage Is 300 Vdo, 

g. Adjust A2R20 for 62 mV across shunt (62A output). 

h. Decrease load current for 60 mV ecross shunt (60A 
output), 

I. Disconnect OVM from shunt and connect DVM across 
output terminals. 

J. Adjust A2R20 for 22V output ± 0.1V. 

k. Adjust autotrensformer for 240 Vdc Input bus voltsgo. 

l. Repost steps J and k until A2R20 Is adjusted for 22V 
output with 240V bus voltage. (Output current should remain 
ot UA during steps J ond k.) 

m. Turn off power supply and disconnect load, shunt, 
and outotransformar. Disconnect bVM from Input bus. 

b*S4 Constant Voltace Offset Adjustment 

6-86 The constant voluigo offset adjustment Is made with 
n BOn, 40W lood connected to the power eupply. Proceed as 
follows: 

e. Connect digi.zl vcitmoior (DVM) between A7 and - S 
terminals. 

b. Turn power supply on ored adjust VOLTAGE control 
for 10 mV reading on DVM. 

c. Disconnect DVM from A7 ond - S ond connect DVM 
ecross output terminals, 

d. Adjust A2R21 for 120 mV ±2mV on DVM. (Output 
voltage Is 12x A7 voltage). 

0-96 Constant Current Full Scale and 
Offset Adjustment 

6-87 Proceed es follows: 

a. Connect o 1 mD shunt across output tormlno.^. 

b. Turn on power aupply. 

c. Connect digital voltmeter (DVM) between A3 ( -f ) and 
A6 terminals. 



d. Adjust CURRENT control for 6V at A3. 

0 . Disconnect OVM from A3 ond A6 ond connect DVM 
across shunt. 

f. Adjust A2R22 for 60 mV rending on DVM (EOA output 
current). 

g. Disconnect DVM from shunt end reconnect DVM 
across A3 end AB. 

h. Adjus' CURRENT conuol tor 10 mV at A3. 

1, DIsconneDt DVM from A3 ond A6 ond reconnect DVM 
across shunt. 

J, Adjust AZR23 for mV rending on DVM (100 mA out- 
put current.) ll output current li Initially zero amp.trea, there 
.may be e few-eiKsor d delay whun A2R23 Is turned up. 

k. Repeat steps : tliro'igh J os nocosiory until 6V bet- 
ween M and AS produces 60A ±0.2% output currant, end 
lOmV botwwn A3 and A6 produces 100mA ± 6mA output 
currant, 

l. Turn off power supply and disconnect shunt. 

6-S6 Conatent-Currcnt-Sourco Adjueunent 

6-89 The cunetant-curront-source cdjustmont Is mode 
with e resistor whose value Is known within 0,t% connected 
directly between terminals A7 ond - S on the roar panel. The 
nomlnol value of the resistor should be )»tween 1 k ond 2.7 k. 
A value of 1 k 1 1 rocommondod tor ease of calculating current 
flow through tJ*o roalator. Proceed as follows: 

0 , Removs the strap between tetmlnole AS end A7. 

b. Connest mslator between A7 and -S. 

c. Connect digital voltmeter (DVM) acrost resistor. 

d. Turn power supply on and adjust A2R24 for 2 mA ± 
0.2 % through resistor, (Foroxomple, If o 1 k resistor Is used, 
DVM reading of 2 V Indicates 2 mA through resistor.) 

e. Turn power supply off, disconnoct ro'Jaior between 
A7 ond -S, ond reconnect strep between A'S end A7. 

5- 100 Ammeter Adjustment 

6- 101 The CC full scelo ond CC offset adjustmenle muei 

be correct before adjusting the ammeter circuit. To adjust the 
ammeter circuit, proceed ss follows; 

0 , Connect a 1 mD shunt across output terminals, 

b. Connect digital voltmeter (DVM) across shunt. 

c. Turn on power aupply end sdjust CURRENT control 
for 0,06 V ±0,1mV on DVM (60 A ± 100mA 'lutpiit). 

d. Adjust A2R130 for 60 A roodlng on front panel 
omr-^lor. 

e. Turn off power supply end disconnoct shunt. 

6*1(}2 Voltmeter Adjustment 

6-103 The CV offset end conitent-currant source odjust- 
monta should be correct before odjustlng the voltmeter circuit. 
To adjust the voltmeter circuit, pniceed os follows; 

0 . Connect digital voltmotor (DVM) across output ter- 
minela. 

b. Turn on power supply and odjust VOLTAGE control 
for 60 V ± 120 mVraadIng on DVM. 

c. Adjust A2R131 for 60 V risdlng on front-ponol 
voltmeter. 
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: Reaistanca Programming '- 0 to 2.6 k 0 provides zero to maxr > 
imdm rated voltage or current outpiut. • ' . 

. Accuracy © 2®C: CV;1.0% +30 mV CC; Z6% +» mA 
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Screw; a aiottad t^-acraw (3) parttally Into' a ^uara ntit 
poiit 

y' i^yyyy 

f. Place attain rriiaf (51 In po^ri' In connector ahWd 
eeaomWy (6), Juat under cat acraw (3K Bo carton that 



; V - snd route cabla through cabW entranceJ - , , , 

h.;RW coiirwdar vvHh 

'■ '^:.^''vthraa^ecra>^.--:;i^^ ' 



of, connector to 



damp firmly 

j ' J. .Clip fntaneta (71 onw anda of connector pin houair^ 

■’ . . ■■ , (2).,-. ^ ■ y.^ N ' ' ■; 

Jc. Connector can now be plugged onto option connector 
};: J2 and secured with two acrewa (81 into the threaded 
atand-offa on either side of J2. , 



oncablel 



ii ■ 



-jv 



7^87 OPEfUmON 









, ^ paragr^thi provide the operating In* 

Btructitm necaaaary to litter^ (nS-eqtiipped poweraup- 
piy lnto an automated ayatam. A brief daacription of the dr- 
«?ulta ia also provkM. All connectiotw are made at the 37-i}in 



'-'V' ^ "I -i ■ ■■ -i- ■ ■- • ■'. '■ 

. Rau« A-1. ' Meting Contractor Aaaembly ,, 

■ ' , .7':’..-,/ i.''' i V - ■ \ .'v-:>v. : 

V'4- ■■■A\ >,■ '■■:■ .■ ■ ■ ■ >. ■ ■ - . ^ ■■■ ’‘i 

yyyy'y:] ■"■.■■■V - v i a-3 



i}h^\ 



,, , 1 , 



yyyy,yu,‘ 











iimam 

■0§A^M 

.-l< .- 



Wi& 

r'l -.' - ■ 



■A,: 



ill 

i’-VivS.“,v..i 



-,',. 0 -.. 

,^’ /■' 
V,',; 
'V'.'-.'V,;' 
,l " 



,■) 



-.'■Y* . V*.' t * \ ■: 

j ‘ '^v:!». “K'*?** 

' . SN ; ■; ;■;.' ?';'■ «■ cumkht rm 

omotT mmitm.: 

: M' '1 i‘iV/ r- '■■!•' ^ i-.-- 

; ' ' vouftw homtw '■ 



■ ; i.;-V: pwEtt-ON .mirr 
rM umv 'oiMoii 

■ * ' f 

-v;, ■;.' ,-.i - : - i,- 

coNTinLiiounm ■i*t' 
4!u^euMth^^‘tuiie 



N£UMD)T-#MIUtfLI 



yXi^^yjeiimimusm 

■y j' : 1 . : ! r . .1 ij I ^ 



' »,j', 

•>’ ‘ ')' 



(umrr ^umnuno 
LOWtUSM ACOmUT 



■y 



'h 







61 / 1,1 , ■ 
111. 



- A*20 : ; R»ir^to Programming 

' A-21J. . RMbtonce Control (ngur«A-3K It is necessary to. 
r'dissM tiw panel voitage and current controls during , 
i resiiitainn 'prbgranvni^^ This is aci^ptished at ttie rear 
panel tem^^ strip by disconriec^no the 
■ and A3 (CURRENT control) and the lumper betweeti A8 and 
, A7 (VOLTAGE control). ^ ^ 

y.'l\ -yb'-'-K- ■„ . 

A-ZZ A icntonce, variable from p to. 2600 ohms, can be 
used to prograrn tta output voittge or current from 0 to full 
Kale.'To program voltage, the variable resistance should.be < 
connected .from J2-26 (CV RES & 1 VOLT PROG) to J2>22 
’ ' . ( - Serise). To p^r^ current, the imriable resistance should 
. be corinectocf from U2-24 (CC RES & VOLT PROG) to J2-1 
(outboisrd sense).' For setting upper and lower limits, refer to 
: parsgrephs 3;S1 and 3-67. ■ 






CAUTION 



tf tf >0 programming /;ries become open circuited 
dunng resistance progrertuning fuser's sysrem 
^ beco^s disconnected from J2i, the power sup- 

: supply w^ not be dameg^ if this occurs, but the ' 

u^s toad may be damaged. To protect the load, ’ 
be sure that the overvoltaget trip point is property ■ , 

' adjusted and that the CAUTION of paragraph 
3S7 is observed. . , - 

A-23 Voltage Control (Figure A-4). To program the sup- 






ply whh a voitago BOurcs|. it is nKsssary to disabie tire front 
p^ coritrol poto and disconnect the supply’s internal current 
sources from the. progrmrning voltage noc^ Is ac- 
:' coniplished'at the rear panel tarmind strip by disconnecting 
the^mpairs between A8, A7. and 'AS for CV, and the jumpers 
betviNwn. A4, A3, and A2 for CC. 

A-2i4V^; A vijitage sourde/v frbm O to 5 volts/ 'can be 

used to program the ciutput vojtage or currant from 0 to full 
scale. The load on the programming voltege souroe Is less 
i than 6 To program voltage, the voltage source should be 
ccmnected from J2-26.IC^ PROG) to J2-22 

( -Sense). To’prograrn currant, the voltage source should be 
connected from J2-24 (CC RES & VOLT PROG) to J2-1 (out- 
bcMrd seem). The - output can be up to V& volt positive with 
respect to outboard sense, ard - sense can be up to volt 
positive with rasped a potential of up 

tb 1 voh can aim between -sense and out^rd sense. A 
discussloiii on prc^mi^ng with a vcritage greater than 5 volts 
can be found in Bltlagr^hs 3-64 to 3-66. 



A-26 ' If the prbgrarruning\ tines beccirne open circuited 
(user's system become, disc^nectad from J2) during voltage 
programming, the Programming Protection drciiit will reduce 
the power supply output to zero. ^ \ 

^-2t , ) Currerit Control (Figure , A-6). A current sink, 
variable from 0 to 2 mA, can be used to program the output 
voltage or current fromi< 0 to fulj . scale., The fcpilowing 
paragraphs^ provida the riecassary (nstructicris for program- 
mingWith a currerit sink. , ■ ^ 

A-27 ’ ^ It is necessary to disable the fronf pinel control pots 
and disc^nect the suppV* internal current sources from the 
, p^raniiTiing vottage'nocies. This is accomplished at the rear 
panel tanninal strip by disconnecting the jumpers betvraen AB, 
A7, and A6 for CV, and the jiimpera between A4, A3, and A2 
.for.cc.^“' 

A-28 ' Cunent prograrnming is enabled by leiays K2 (for 
CV) fnd/of K1 (for CC), which are powered frorh the CON- 
TROL ISOLATOR BIAS connected to J2-10. Maintaining 'a 
low logic 1^ (CONTROL ISOLATOR BIAS supply connmon) 
at one or both of the CUR RENT PROG. ENAB LE inputs, J2-12 
(CV) and J2-11 (CC), doses the appropriate relay. 



CAUTION 



Mhough' CONTROL ISOLATOR BIAS can be 
•t-fLTSVto + 16 V, a supply voltage of more than 
7 V may damage the relays. Therefore, if CON- 
TROL ISOLATOR BIAS exceeds 7 V, ' it is 
rtecessary to use a resistor in series with each of 
dte relay enMe lines. Fi^re A-6 provides a graph 
and formufas for calculating the proper series 
ra^stance value . based on the CONTROL 
, ISOLATOR BIAS heingj used. Be certain to ac- 
count for die resistor tolerance and CONTROL 
ISOLATOR BIAS power supply tolerance. The 
formulas' and graph in Figure A-6 eccounr for 
reky tolerance. Any driver gate voltage drop 
should be subdacted ; from the CONTROL 
ISOLATOR BIAS' before using formulas and 
graph in Figure A^ 



A-4 





> . i.\ *r 'J .' . St ' ! ' , }, > ' t , ) 



■Wi::;,. 



it??| 

nut- 







:4'-. 



ir.--' 



:V , :, 



ngim AS,^Curr^ Proipammlng Output Votog* And/Or Currant ' 









I'-'V 



/' . 
V 












m 




m V •' m 


m 


AS 




, -ij. 

iMt > 








‘4 








2 




/i. 








y 


r- 




u 




' .. 


7 V;-i 
















, ,, 


y 










t * 

1 .: 


i , 






... 














2 
















,v^ 


y‘: 


4 d 


E 




■ 'i 






/ 








~T 








; , ' 






z 






■' i. 


Ji! 


r 










~ 










>v 














it- ' 














i*. 


1 

R>- 




A 


7 ~ 


t’. 














i. 








■ 


li 
































S • 






























‘ 


' 




L- 


V. 




V 






' 
















~ 






> •* 


J 










■ ' 










fi 






. 








1 


b IM HC J 


li t 


• i 


• 1 


9 • 


r; 


» ( 


1 \ 




n 


ITi 


■ 


f- 


, 1 , : 








"T 


' ft p .i‘ ' ■ ' 





'ArSO^j/': Tlia 0 to 2 cuirant link wriil ONjiaa tha output of 
op^npa U6 ai^ U7,tb yary prbprolk>iw«y from 0 to 5 vote. 
With rilava jgitid Kt anatig t^ t h aaa rign ala ara cou^ to 
tteCVaridCCdicutefin thamato tn turn, wW> 

program tte auppl/a ou^ from 0 to full acaia. 

A^1 If tte programn^ opan drcuted 

(u^a ayitem bacornaa dtocf|rNiactad from 
programming, tte Programminn Protaciion dreult wiR bring 
tha powar Buppiy output to zaro.- 



■ 1 r' 



A<32 , Rgmotg Mbnitonng 



At 33 Tha 002 Option board Indudaa a votega cfivkte to 
provida a 0 to S V output conaaponctfrrg to a Oto fuH acaia 
votega output Tha vohaga monitor output ia avaltobla ba- 
twaan pina J2-6 (Votega Monitor) and J2-22 ( -Sanaa). Out- 
put iiiipadanca ia 8.3 kQ; tha monitoring davkia Ipput im- 
padartM ahouid ba at IM 1 MO to limit arror tb '1 % -f baaic 

accuracy. 10 M to iknit arror to 0,1% + baaic accuracy, 

^ j To program volt^ia, tha currant ah* ahould bacon- A-M Jhe l-Monitor aignal from tha maiidrama ia alao 

(C y CU RRBilT PROG) to J2-20 (-16 V. brought out through tha 002 optioii board. AO to 5 VouteJt' 

currant, thai curraitrt ah* ahould ba con- rorracponda to a 0 to fuN acaia currant output Tha currant- 



ngura A4. Cakulatirig Valua of SiWiaa Dropping 



naciad from J2-2 (CC CURRIE PROG) to J2-20. 



monitor output ia avaRabia batwaan phw J2-3 (Currant 



A-7 










•■- •':.■•■.■'•••;>•■ •■ ■; ' • 

V‘V-V' y 

8«wK'*0iii^t imptdinM' Is'; 

;|;f!cvl:v'^::>u^10idD;''^ ImptdHKii 'ihould'bs'itv;' 

MO;- to;^ iMt r; «rof to': J bislcYa^ ; 
'^);0?%Vvl'i1OtMOtollirft«rrDrto6.i%'+^ '-,■ ; 

/' - '• . 

'1 )'.. A-3B V.' v'.ln «om» ■ppBcotiono It mty bo detlinMo to buttll a 

-''':V:V.; noloji luppfiiiion : cipidtbf on",thiM monitor outpuu to 
)]’;% ?: M afhictt'or n^ i^c^ in thii mbi^ hwk. The; 

, ' ,,, 'Oipodtt OT 'gf*ould ' bo ' carMi^ or^ tantalum 0.1 to 

. . I 'li^.'Tho rapadtbr ii hataUad diractiy acT^ 

V;‘:' 









\A>3S'.-; Status indleatori - - 

Vr,Vn-'-v/^ ,;;l ? , ■; 

, Sta ta)ticdly, jBoiBtad tinaa provm 
I !idlgitai putputa which indk^ 
poww,aupply^bp«iM^ For jiropar bparaOon fhe'bpb^': 
iaoiatbra, ^ ' uaar must aujw the bte voit^ja, STATUS 
iSOUTOR BIAS. Thia volt^ from^-f ATS, V to 

;-F.16V dapandins u|^ the uaar'a interhKa drcuita. Rafar to 
,tha apadfiMtioh TaM A-1. Conita^ the biaa voit^ ( 4- i ba-. 

. tawan ' J247; iSOLATOR BIAS, and J2-34 

• (STATUS I^LATOR (»MMON). Thit indicator out^ 
pula aw opan- c pla c ^ (ra f arahcad tb.’ST^lllS ISOLATOR 
COMhk)Ni; tharafota;' it ia nacaaaary to' 'Connect' a puil-up 
' laaiator from each output b STATUS ISoIaTOR BIAS. 
Whan dwbaing the rw i a to r vlaua, obaarva the curranVaink 
capabHitaa.of theaa linaa aa deactfliad In the Spadficationa ' 

, r A-3B V Bacauaa (d the raiativaly alow riaa and faU ttmaa of 
optO:iablatora,Sehiidtt-t|rlggaraddovicwahouklbain«lbjb- 
' tartacatiwaa output i^ drcuita..^v--- ' 

< A-3Bi Tha foll ow^ ara in activabw form: 

' ‘1 , . a. cy MODE, %S-36, Imtotaa that ttw P^^ar aupply ta in ' 
coria^ vo itaw oparatibn. ' ' '*•. 
v' b. CC MODE, ^-35, indicataa that tha b>war aupply ia in ' 
. conatant'cuhant oparation. ' 

. c. OUTPUT UNBKULAT8B, J2-t8, indicataa that the 
I j power aupi^ia in nahhar conatantvoltaoa nor conatant 

to maat 

. , apactWcatioha. ' - A''';'. '!'i 

' J2-17, indicatM power aupply dHl^ 

down bacauaa of: the vottaga .output axc^hig the ^ 
OVP trip point aat at the front panel; or, a ayit^ 
initiatad ahutdown aa daacrttwd In Sacilon A-16. 

. a.' OVERTEMP^rAtu^E, J2-16,' indicataa power .supply 
- shutdowrt due to an exeaasive |femparature riaa on dw 
> ; FET w ootpbd 

A-40 Tlw LOW BIAS OR AC DROPOUT signal, j2-19. Is 
in acdMKhigh form. ITtis signal indicatas: loss of p^maty ' 
power, momantaty AC dropout, or ''brownouT' coibitions 
! whara tha AC liita yoltoga drops below approximately 70% 

-■ * - nomkid. . 



Rsmots Control 



A-42 I Fb proper opan;;^ of the ofrto-loolatprs, the user 
; muat auppiy.tfw bias, voi^ga, CONTROLISOL^ BIAS.' 
This Mltalta can be horn ;+ 4.76 to + 16 y dapsndi^ on the 
raquirarnanta of bo drMng drcuitt. Tha type of driving iogic 
and roauittnt bias vdtaga also datormina the amplituda of the> 
‘‘high’' and 'low*' logic levals. Bafer to the Specification Tablo 



A-43 'Connect tha bias W)lta(b ( + | to J2-T0, CONTROL ' 

; ISOLATOR BIAS, and rafarenca tlw; input sigrials to this bias 
supply's nagativo tarminal. 

A-44 Two optialy isoiatad iTWthoda of tanwta co^ 
avaBabia. They are da sc riba d in tha following paragraphs. 

A-46 , ,, Remote Trip. A negativa-going ei^ applied at in* , ; 
put J2-n (REMOTE. TRIP) wffl shut itown the power supply, ‘ 
reducing its output tnltaga to near zero.' For ndnimum puib 
duration arid itkning cotisidaratiprw with respect to REMOTE 
ItKET, aaa tabla A-1. The following paragraph provides a , > 
brief dreult des cri ption (sisa achamstic . digram and Rgure 

A-46 , A naib^voi^ring'^^ REMOTE TRIP is couplad > 

through opto-iaoistor U5 and, aata be Trip/RoaM latch output 
“low." This shuts down tha suibly by puHing down the OV 
STATUS INHiBiTlina (JM), v^ InhBrita the Puiae Width- .r 
' Modulator. It also Hghts the OVP, indicator on tha froiit panel 
did results in tha generation of ' an OVERVOLTAGE stabM 
;.aignai from opto Isol ato r U1. This signal does not affect the ' 
'stata of tfw power supply'a OVP ckcuH^ 

'A-47 Ramota Raaatl : A nagdivai)oing' edge applied at 
input J2-29 (REMOTE RESEH wiR return the supply to its in- 
itiij stata foBmMng a ayatsrn*{nitistad staitdcwm (REMOTE 
TRIP) or an oyP shutdown caused, by a tamporaiy ovar- 
'voltaga condition. For minimum pulse duration and 'timing 
conaidarBtions with rsapact to REMOTE TRIP, see Tabla A*1. 

The fpOpwing paragraphs provide a brief dsKription of this ^ 
circuit (ms schamatic disgrarri' and Figure A-7). y > 

. > ' ■ • , -r • ' -i ' ■' . ' ' (111' ' . ■ 

A-48 The nagstiva-going pulaa applied at REMOTE 
'RESET b coupled’ through opto-iaolator U4 and rasats the ’ 
Trip/Rsaat latch ouqwt "high". This' raiaasas the OV 
' STATUS INHIBIT lina and tha Pulaa Width Modulator. 

A-48 The REMOTE RESET puisa will also reset tha power 
supply OVP circuit In the event that an overvolt^ condition 
hM shut down tha supply. This is' accomplishad through 04 
after the one sacorid| time delay of ona-shot U11A. This delay 
allows the Dowim Programmer (paragraphs 4-36 to 4^) to 
tower the output from its ovarvoltaga condition to zero before 
the supply can' be reactivated. 
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By ob$$n^\th9 dVi^iivOLTASB sta fn- 



, - - - gay'.0 

, ;ns»t W 'cw 

'dammirm Bim cm m i^ tha If Ota out- ' 

. put rati^ and d\/iiiyOL^ 

‘ nimdktaty, ■ this hd^ 

' y ahutdaim. B dm output talm 
; > ' to ratum, t/da imffcataa t^t dm output voitaga 
, ' bad axcaadad dm OVP trip point. dtha OVPar- r 
cwt trips eorttinualfy, xh^ dm had and/or dm 
> trh point sattif^.'^^ 

Ah>rot » M«thod of Rwnoto Control. Th# 
Demote inhibit (np^ JZ-SI, providaii lin attemato method 
of rwifwte thutdo^ By maintaining a low to(^ level at thla 
Input, ttha ■upply’a output wHI be inhlbttod until Demote IN- 
HIBIT, h ratumad to Ita InitU atata. The following 
paragi^ brief da^ption of thla drcuit liaa 

acharnatic diagram bthI Rgura A-7).^^^ ; 



A-E3 Thla opan-coilactdr outout line, J2-6, providaa a 
logic low puiaa (POWER>ON PRESET) that can be uaad to In- 
itialize dr delay ayi^ operation until the + 6 V REG blaa aup;- 
ply in ,the'6p12A haa ataUlized. Tlia puiaa la generated after 
prlnwry power b timed on, and a^ after rmmption of 
povrar following rnornentary ac , dropout or bro^out condl- 
dona In which ac line volteg* rfro pe below approirlmatel y 70% ' 
of nomb^. See Tal^ A-1 >w l^WER-ON PRESET aignal 
epedflcatiu::. ’ ' ‘ ' 






A>M ' Low Blae Or AC Dropout Buffered Theae circulte 
,diatribute the ORed outputa.of the AC Dropout and Blaa 
Voltage Detoc^ circulte In ,the 6012A nrtalnfrarfie (peragrapha 
'4-42 through 4^1. The Input dgnid arrivae at JM3 in active- 
low form arid la diatrbuted active-high ti> opto-laolator U1 and 
to the Power-On Preaet circuit. 






A-61 ' A low logic level at REMOTE INHIBIT la coupled 
. through opto-laotator U6 and cauaee U9F to Inhibit the aupply 
ai to light the OVP Indicator In the aame manner as the 
RKMotE TRIP Input of paragraph A-48. Note that thla action 
doeenotaffecttheTrlp/Reaetlatchand, thurafore, the supply 
can be r etimed to Ite Initial state by switidtlng the RIMCtF 
INHIBIT input to a high logic level. 

A-62 Pow8^bn Preget ^ 



A-66 Multiple Supply System Shutdown 

A-66 When using more than one 0p2-equlpped ' power 
supply In a system, it may be deslreable to Implement a system 
shutdown. In this configuration, an OVP trip dr remote shut- 
down of a single linlt will cause all of the supplies to shut' 
dovm. ' ' , ■ ■ :i| 



A-S7 Rgure A-8 shows one method of system shutdown. 
The advantages of this method are that one r^nion Is used . 
for all status and control lines (useful for controller-operated ' 
systems), arid, the capability of system reset As shown in 
Figure A-B, one oyERVO i^TAgg line is connected to 
|he next euppi/s REMOTE TRIP line, and so on ini a con- 
tinuous chain. . 
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Rgura A-l. . syt^n Shutdown Utiiig SOUA Btoo Supply 

A-63 Rsfiiiots/LoMil Pi^rahfiinlng 

A-S4 WIm udiig (WTOnt^t^^ of output votogo 

> and/or currant; it h powfc i a to iaaw the front-panel control 
oparatria. :TMa aHovra tha^^i^ bade and fbr^ be- 



fur '.,, 'Y . '. : I '• < • I j, out a cunant-programrning ayatarn/l^-thh'^^ 

' ;.;l;;i>;i;f-'rjrfe^:;^^-'^ -'^v^ ' . fl012AraarHjarwitarmind atrip inuat be abappedaeah^ 

'. . , muat be tumad;fulyi CW. to 'avoid lo>idb^’ tho 002 currant- 



oynam snuioown uarng WMiiroiior rnwor . - . ^ ^ ' —y w vT r. --- ---- 

'(•'.i iv"^ ■;•: ^ r . . '. rnu«,ba turned ;fuly. CW, to 'avoid io ndir»]t’ the 002 currant- 

min. t.M. 4 . mint-panal poti. 



li&ii';- i-’\vr ■ Paraoraph A-« 'taNB':hovy .to 



r^ which Mippiy Mtiatad a ay 

'vv ;s.v 

.'it iV .' i; t ! FoirJwiriii a mWpIo eupply ahutdovim; unit can 

!^;x;tt};!;. : ' ba;raaM Irullirick^^ tha^ R^OIT RESET ^ cah'ba : 

x;V'Xy.¥, /ihidtoBeihw^^ 

f . .- '•;■■■ ;.,_. . X..,: . ' . . .; , 

: i> 'h it ia nesaaeaty to have M the aupplioa coma up 

I’ ; i aimultanabiiaiy .after a tyatain ahutdown, foHow thia pro- 

tr-;' :':.t;i cadurar'^t^:^^ 

't '''aC' Fbat bi^ REMOTE INHIBIT Bna'lowf ' ' 'i 
: ' b/'P«victf a na^^ pulaa to the ReMoIe RESET 

■' :■ 

. , Cu Aftw at laaatorw^^ tlEMOTE INHIBIT to a 

. '.' non l•v•l» 



-..I ‘ t 

•‘.. fJM i 



CAUTION ^ 



dom. Thia nw^ b app^Kiata ayatama which era not 



and cw/Tinf ^ ftrf sedb, ffamembar to sar 

, , pm yOLTAGB and CUBR^fT contnPt to saf»: 
i’ kvob bofon switehfitff ; to tocP xontro/, and 
‘ ramambar to turn tfm VOiTAGBand CURRENT 
" controN ftdfy CW'aftar taiumfng to ramota con- 
trot. Wncattfasystam has baan chackad oul^’ 
raniova dm slT^frjam A8, AT, and AS and from 
, M, • A3, and A2, arid program tha ayztam 
: \'ramot^. . , ’ 



A-66 BldiSuppliM 



ihubhMn, Each supply rn^teraaat iridMually.,^^^^ A -06 The outputs of three currant-iimitsd bias supplies are 

}'' available for uaar-supp^ drcoltry/ these are +T5V 

’ ®7BmAatJ2-j*, -lBV®75mAatJ2-2),and -t-B^OlOO 
BIAS OR AC DROPOUT InhMta the OVERVOLTAGE In- , mA at J2-23; all with respect to J2-7, power supply common, 
^to- from Bolne low and al^ng down succeeding sup- Six screwdriver-ad|ustabla pots located irt the top of the op- 
pfas upon tnittel tum-on. After , the suppHea have stabMed. tion board eat tha output voltagM and currant limitino points 
LOW BIAS OR AC DROPOUT returns to a high state. . .. ._ . 



, of these suppSee (refer to Spedfkastion Table A-1). 








V, ;■ , '■■.‘.Ml- 



, _ >conn«rt'‘|^^ 

111 to J1 on control bbif^ 

, i > >7-^,^iMldlMtowwdfndorj1in^^ 

^!:;:;i;.;; (to^fitomoflnotrum^ . .V^.’ 

r 8- option bb«d'BM''^'rar/ on i^Mno 

":/;:;<‘.;r,<v]! - ; ■ 

W it jt-jpptiont. which ■'" ;! ', ,vj 
ono^nctibn, ’ ; 

capii^'m ^ Mpply buWs nw.t^ lo«l.dhsult*. ■ c»^^o«tputvoltiB«of thoBiM Siipi^^t. (ToWeA-l). 'i , ■■:: , Ij j 







r’ •' :V I'-' 









‘,^*^ :: i‘ T»«»blooKtK>tlno^^^ 1, 

' ' ’ ' ’ -' ^ : " ' f rogii t iwrllng.’^ ' ■ ' V:;; ■. y :; i,^':-- 'y'\'‘ :. ’-^v "■ 

ninfinn thot problim h on option board by dlKonnoct- 
PI from Control Bom^ ■rKfltlMiptinp^ to 
... , |i iupply vii tht'irtor p w ol ttibn/i^ ftr». ' ' 
b.;,Cb^,r^15 Vind il 1.8 Viup^:v-J.; 






'••t-^ t .---,_ 

boo^'lTltt;' Itif^^ ojnjuiiclloo 

V . drawins and tht OpwMlon Appwv : - '■■ ' 

:^dbt ^ hi^) h tN hohtkm orkl ttipolr of fitoity 

•dKirtntonli.djrt tho'opitoii board ■« 

:''iy;i''outpirt;and^;curratit;lbiWno7of,’tha-itli»to'Blto'Supiittto:i^':-'*^,^^^^ 

‘ •'.. '.■' . . •. >1. ’ •• 




^/?''''.;"'A-71.. 'jW'.VVhan tntte tba ODtion.'uaB of tha toit eannaeror\.'.:' - 



for- ' ii b- ind ptocaad to.tho tatt Mt-up 

' ■ ilKwmbiRouraA^fOarid/ofA-11.- 



f ;\yVhan toil bptlop,: 

ofpimgraphA-ITwbiillbwaMiirK^^ , *txi/ or 1^ pin 14. If not, chock op anrya ^ Bwoelated 

;.-' Clrciiltry.::.r:i^\,;,^ ^'v;: 

TfOuWiihc^ -/V'-d- Raturn to"otl^ taat.aatnip and aaa If^varyirQ tha' 

. |/ / vohagaaourcaproAicaiOtoSyatKl/ptoBand/ofK^^^ 

:li;',:XK:4:/3;.:V-;f^Bafw'attaiTipiin tf 

boord,,anaufa that tha ftwH to with the ootidn^h^ not . ; *■ ratoya ara okay, chock for, a probtom in tha ProB^ 

! ’ mtog Protactlon circuit. Thto drcuh ahoukf draw about 






• ■:V AfiV' 



■ ri 



^ ^ ^^ ***^^^ of .; ^ f Opttoifi ^Board.'. To .laciiittta - 
• 1 troublaahootine of, tha 002 option, tha board can ba ramovad 
V fr®*”**» P«wf.««PPV»ndalactricalye^^ 

. ^ boncabto.ToratnotothadrcuftbMrd.procaadMfbilowo: 

;', ' ' •-TumoffpowaraupplyandldtoconnoctBnoi^. ■ 

: b. Mrannact oj^ board ttobon eabla from J1 on A2 
.; ; ' { [ control bo^, and ramova control bbwd aa diractod in 

'ParaoraphA-liL 

; c. Otoconnact op^ I/O ca^ J2 on raar panal.; 

, ramova two acfbwa that aacura option comractor to raar 
■ ‘ panal, ramova tm acrawa that aadira option board to 
aidopanal, and ramova option board from inatruntani 
v^;vi; ■ : ' d. ■ Rainatal contrd board.'>,r ' 

' , ■ . ®”2A top covar at«' off, placa a ptoca of card- 

board or othw ilghtwaight inaiilatinB rnatartol on top 

AMaMA a ‘.k ■ ' > ‘I- 
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ofinauiatingmatarial. 



CVModa 
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A-11 
















►ioK' ■. '.-r'.'? 



' (iL y ^ 1 ^sv— *»H’ , 1 , i 

^4 /S, lilj- KIW— i» r '"' -« F '-1;.:^;^.- ; ' • 

jJ ;F’:V''F^■•'■■■;V ' ;. '■ ■■': ■ ■■ ; •■:.'■,■ ■. ■..'■.-;; V.y' ■'; •' ’ . '. ; i*;''.^ . V :v ^ ■■ :'■. j. y .■/' ; 'j ■ 



^^<iUyWi^H/-hyV ;V/,T , ■: =/■ : b.i S«t CijRRENTtnd VOIJAGE control of» tom CW.j 

i if A "• ,' ' . 

,F'i ;,/(,;■ !<•, Tijrri;unft'on.'OVM tfwu to ^ V. 

';(r,:^-^ ' 7 .:‘ ^ \ '/■ ^'';V ' ',"'F' '■. 

■ I ' A-81 To chedk OVERVOL^^^ ,/ ' 

' '.. a. UeSnii tort ert^jpii; coring top end of 2 kO reaii^ to .' ' ■ '( 

*>V ■ V^' '■■=■: ■ ■ ;’ , i' 

;■.■■ ."Hi! :<« ' -r- ' '■ .with no load on' itui:^, turn OVP ADJUST tolWGW, , y ,v 

V, F;; i H;: :';:F ; aiKliiat VOLTAGE control for altout 30 votooutoiPj'^^ -!;’ 

-H, 'Tum'CURRENT^controlona tiirnCW.''' ■ j 

' , , . , „ ;{ ' c. Tiim CVP ADJUST CCW oirWwIf tom or ufitll tlw jwp-, , :■ 

y '-.. o ' .ply'doMlnto'OMivolt^; DyM'i^Mraa^ ' 

■: — — — ' ,1 d Turn OVP ADJUST toKy turn supply off and wait , h 

■ y/: . 0y ;' >varal'aacood8. ,■ '/■ , •'‘F ': ' , =] lx'’; ■ 

F'H'' vfF-'iVx 'F V Turn supply on. DVM should rood rtmut 6 vottoJ . 






.-A 



'pg'ia^l x-X.faAxT ; 



A« To 
' ’ follows: 



H xHouto A- 11 ;S,TxoublaahootlngCurTartProgiBmmln 90 f ' : ' ,.y ■' F ’ !l > ' // F 'i 

gg mod# ^ . .'■-'■'a, Usl^ tort sat-up/' connect top and of- 2 kO rsalrtor to 7 ' " | 

’ A-n, TrouMaahobtinaStotiialndleator^^T^^ V b. Wtto no load on supply, to 

; up sivwn In Figuia A-12inn baiiaad to chkk ssch of thasbt «nd art VOLTAGE (^irol for about 30 output. V [ 

ststor/indk:atoia.Thto ast<iip, however; wWto^^ Turn (nJRRENT control one to^ / - ' 

*i;<solBtlon of the Stott*' ;, c. Turn OVP AWUSTCCW^ , , f 

Ftmbisshoota stoU ktdk:^, cha^for Fs VatTPI (+6 V M Soss Into oysiyoltooa|. DVM should readp to,.4,y. ! 

i^;i!iT).Thlsyoltaoamiirtbapr«^pfOt*rop^ 

ji^..optD- l sol a to w .'.'':'''' '/^x-f^^ y, , y- ' ]mnni9acot)d$ .■■■.y,7 ' ; 'v y-F ; ■ . | 

'■/■i ..yV y a., Turn supply on. DVM should read about 5 volts.'/ 



; prbcaed as ’ 



a, Usino tort set-up, connect top and of 2 kO rssirtor to 7 ’ J 

.;',J 3 V 18 .>-e"^Vv • ,, Jr - ■ 



IM . . - ( ' * 

' . ': '7 ■! 

♦ftoS ♦« <1 ' • • 1 ’ 



•Af »- 

ODuHMtlOfS* 



• i • r • rv'-- • : ’ • : . ,!.... i! 






W'M 'i 



ii.#’ 7 'r '; 1 '-' OBtcnw 



' ro otmit or ' 

STMussBcsne' 



y' 'H.e»’Tum‘supply on. DVM' should read about 6 volts.Y- ' ' 
y: H y/ . V . ; , A-83 ; To check LOW BIA^ OR AC DROPOUT, pr(x»ad as 

•^F.7y';:, yy;owVy- :" ■: :v,fbik)^r;e7yy:^^ :0 :'v'y;h..' ' r 

''i io ,y, ! yynlia. Substitoto an'bsclUosc^ In'piaca 'of DVM In test: 



yy/yyjy'v:,: y:' x'’v: ; b.:.’Cahr»rt'top'shd'iof 2 kOreslstt>r:to J 2 -' 9 . ' -'y V"'-//! 

■ ' 4 ' ' ■■7 y:yy‘cFtu|n urtFon.'.'VoltiiHIO'^ be he-’ /,'"ia 

•'y „ ■■' 7 y'F' F/y'yvj:'. Y y'’'''' '' V‘‘ /FxjJ 

'; ‘ '‘.P^ ■■■! r\'Y-^-' ""'yy; ■d,turh'''unft, offF voltage ,«f 2 W resistor rhould' go 

IF ;:7JgSg,|-»,|_iF^^ „ ■H'F,.,,b«it6vt^ ' 7, :'4y , i 

;:■ . ,_y ;■■/ yyF/': 

VC^x/.' i ''’y ] 

F' " '' — ' ■'7' ■■ y , y;*y 7 ;:;yyx:^'yh ^ ^ s^nat daatys toiov onfy^b^ ■''* N 

' 'f^ . :■ 7 ,■ ^(-y,,/-^'" ;;'yl'/7’xY'’''74. i^^P<»i^tothe:-¥SV^EGBiBsSuppfy ' ■■,•-. I 

“T i''.’ .’ , yy}‘ I tntsat-upJ If Sii doubt, use , i 

,;.y ngursA>12.''Tfoube|shootiho;Statoslndicators\!y'y7 /; '^yy .' 7:.' 7'’//'- 1 1 

iy 7:'7 H 'Fyy"- ^ y ‘ r/y- • y ■■'7- yyV;;v^^^ yvFr7'’7v'y.'Hy7 -y ■.;; ■// ■[ 

A^x-yTocheckCTraro . yn' '"7' ! 

a. Using tort srt-upywhnecttopeH’of 2 K nfeBkstor^ A^ y To check OVERTEMPERATUP.E, proceed as ! 



wouro wi 



^ •' I. • .' ‘>r ,,.y .; . ' V* *M|ss wsHtt wss» ■ w vssv^fv m* skw pwsstws._*MP%/uiu wv •/ y, 

77 „ '■'■'• 7 i" 7 /y 'yi^: f^:: ^ yf'''- .) '' V‘' /Fx 

. . yy ■■.. .H 7^ ■"■( F 7 7 ' ' j " " '7 v7 ■ d. turh'''unft .offF Voltage resistor rhould'go tpH-yi,' 



if' i' I ' 4'yF7i;M:y 



mm' 



■' I ■ 7 " ' '■ 



-* y" . -'y. 7'ix h;, y,., 7 



.'I ; ‘ '■ >r» '■ ' ' 



, JZ-3B. X x’y ’ 'x; x': yv: . ■ ■;jj' 'x yy: y 

<; b. Set CURREf^ cw^ orw.tom doc^W (CW) and , '7 a.xTumoffpowersupplysnddisconn(^itliriecord. x ! 

VOLTAGE control MM one tom CW, ;.7 ' , ’ y- x , 7 minutes fw/input capacitors to x ’ I 

■ 7 ',,; c. iTumuriitiori'.DyM/^HtoWrBadOto>'<y; : x'y y". 'y • ’'7;j 

d. Turn iirrt off. Short drcuit the supply's outputs 'y c.Rsnwve top cover and rsiiw 1 \i 

' on, gym should readout 6 V. '; 7/ 7 . d. Uying tart set-up, connect tpp Mid of 2 kO resistorto 7 

■'■■y' yy' 'i/M 7 -' 7'7 ' '7 ■ FF 7 ' ' ■ -.'I y ' ‘J 2 ; 18 .': ■ ' ' y 7 y 7 /; ' - ^ x . ■■ ; 

: - Ar80 To check Ct MODE; proved m fellows: y ; e. Connect a SPST switch across any one of the three 

.thermostats In the 8012Ai One tharniostat is rnourited 



follows: 



VOLTAGE control tko one tom CW. 



IP' '..'77 



c. .Turn unit on. DyM/*oold read 0 to .<y. .,7 

.4 ' 



'Hj 2 «r'v 



d. Uykig tart set-up, connect tpp Mid of 2 kO resistor to 

‘J^l#.-: ^■7■7 ■' 7 -y'-'y 7"7^ ,7- ■ y’. " 

e. Connect a SPST switch aerpss any one of the three 
.thermostats In the 8012 a 7 One thermostat ismourited 



‘■o' i 



y* 7.'7 



,) on esch, 6 f the three hostBltdc assembifes. The thM-; 



. ‘ ' 7 . : / 
7 ' l' 7 f ^ 



-:y7'x;,..X , 






y' F 
7 -r‘; ^ ^ _ 



: . "/‘V 

: f; 



' '' r ' ' ' ^ / ■ ' 



i. ■ ■. 'yf*',i> 





' ' ''h,v:'.'Nv ; : '' mdatit oh> th* :- oirmut ’ Diod*' —aiin-htif ’mniintiiiit - In 'N'.’r; > ,’.’'A.aP >; ■: ai 



• ^ ■••- i ' 'A''- \ 

1: -'V. 



■ ■/.•' .' '. ^r- ■■• 



■/ ■( . 



'^rrWm 



,”'‘^ 9*’ ■, in >vV'’'' A-8B Bias Supiply A'djintmants 



thit'iii, tih^‘ 'yt 1 
.■>'i;inriloht up ind riot toiKd^ bno'indther'or 
»|-.‘v0AeO12Ac^^ 



A-89 : jv Aftir irc ublwh potir^ tnd raiioir of the 002 opii 



••• t/'/'i ■ 



stawSog ^ 

.i^V.patof rney be'noMsiiiry to oribratt t^ Biie^S^ i 

'I " X V «] dilUmtionr <pnx»MiufM provided ! In ' the > .follov 



M ■v-.i''V:Yr^;.^-''; eei«)retK>np.procedureB in tne/\foilo|(wnB 

■P*^|’9*^,*?^2Aliiie cord eiid tom > ■ pereBriphe;\Meeeut»m'enti';’cio'^ the^ed^opriiib 

pine on connector. J2 end edj ue trnent e ere'n^^ with eix 
potentioinetote locatied ori die top of the option boanj. 
l;:,V - 4V, -'V 'iv 

"A-Sd ‘ v'-’V. To Krenipve': % ;’cover ' of, the', power eu'iipfy, 
rwi^ die fbiff^ eeciire da cover to ^ Wtru 

''.ment/.SMe'dMi coyer beck «Kf. Iff! 'off/r,;,.'V 



* ; I - tL- ■ > '■ r Tfc' 



!/'- 'lift ' 



The FH" heet^nks ere conneeted to (he C012A 



:ft,ipnirrMrir;ic^^ iup to > 

; tiepM^M 
. \of ^ heetenke'p^ 

, ^ WtlA chiu^ 

'totwomm^et^^ , 

1 '> . -I,' < nor touch the hpeffth^ on 

, (he heelihik eieern^M 



V\ 

X 



->v- 



' r' 

A-n 




. idt ue^ en t The 
curri^ i^idng of die +5y, Biee Supply m at^ue^ ee 



,fottona:V:;';:-,;-ft;i:v^ 

a. 'Tumi off lupply'irtd dbcdririect ell loede. 

b'/ ' 



i 



ft ti/ened o(K ito ndir piece ainy ^ the heetafr* ^ 
etaemfdieaonextendertoe^ 



Bupply common). 






r?y ' 

VA i' 



, h; Vvith SPST ewHch open^ DVM ehouid, reed about 5 

' i/ Cioeo SpSTaw^:bvM8houidraad^ 

■ , Turn off ppvmr au^ 

' ’ k. .Wait 'at ileoit two mkwtM for input capadton to 
/ ' diecharea, and dtacw awitch from ther- , 

iriK)etat.'‘'ift^ ,.ft -i ' '.v 

" \ I. Replace heetaink cover, top c6vnr,:erxi reconnect Ikie 
i'i' ■ V cord. : • .■■ 

y,',' i'iv'i ft ; !, I.. , 'ft , ft 

'' A4B TrouiMaeh(Krting Remote Shutdowm. The folibv^ 
Jna procedurea dikk the Rerriote Shutdowir fo^ 

’ optionl Troublei h obtinB ceil be a c co mpBehed by ueing a ioflic 
, , probe and referrk^ito the'achtmadc and the circuit deecrip>‘ 

' odone in Section A-46.' Before bttamptinB to troubieehoot the’ 
Remote Shutdown function of the option, check for +6 V at^ 



7, 

•'l ‘ 



c. Turn on power aupply arid ai^, R43 until DVM raede 

:i‘ ',+5y;:±25rnv.ft:,i'ft' r,.q ' li 

d. Turn off poiw aupply end dkKortnert DVM. , ' 

, e. Connect 100, 6 watt lyd at or between J2-23 and J2-7, 

: Conn^DyMacroaethiaraaietor. 
f. Turn do poiwar aupply and a<^ R44 until OVM riaada 
■ I, ,1.7 V: ±50 mV^'lliia Bmita the output current fo 17!),. 

;■ ' mA» 'I ; v; - 

B. Turn off power aupply and diacoidwct jDVM and ' 

' ■■/ i'.ft - - 

A-« ,+ 1B V Sttopfyi’A^ii^^ pu^t 'yoltafleft'''^ 7. 



^ cufwp* fcttitinfl of die >lEiV Biae Supply are ad)Mted ae’ 
■foBowi"' ,'v , iv- 



r 



V 



a. Jum off aupply and diaconriect all loada. 



'mi: ■ 



b. Coniiadt a DVM batwian J2-4 ( + 16 V) and J2-7 (pa " 
■ft' 'aivply common).':, ■' .'ift', Vft.’' • ;ft 

c. Turn on aupply and adKiet R46 udtil PVM leade ±, 1 ^ 

.>:'±75mV, li,, ■■ i',::^ftftv..lft;;- . i-i’ i 






iTPI ( 4^5 V INT^). Thia vdtaBe' rni|iet be preelmt for proper ft , ^ ^ rea i a t or between JZ4 and 



operation of theee ckcuHa. 

' • > I, 

r'. I 



:Hft 



d. Turn off poww aupply and dtacorinect DVM. 
Conoect 600 6 wan rea i a t or betw ac 
Connect DVM aicroee thia raabtor. 



>A;» To check REMOTE TRIP and REMOTE RE^ET, pro- 
^ceedaBfo^owa:^ i :'..^.ftftft,' 

a. Connect +6 Vsupply, j2-23, to CONTROL ISOLATOR 
BIAS, J2-10. iftlft’ft i ft 

. b. Turn unit on and short REMOTTE TRIP, J2-B0, to power 
ft supply common, J2;7, inomentarily. Supply should bo 
into c wvoltaBe conditi dn. ‘-ft",' :'''v . 

, . :c.i Short RklwOTE RESET, J2'29, to common momentarf- 
’ iy. Supply should return to initial 'stats. , , , 



Tocheck REMOTE INHIB)TT, proceed ae follows: ' 
a. Connect ±6 V supply, J2-23, to CONTROL ISOLATOR 

fti',:;',. BIAS, JMO.':'' ■ ft" ' ■• 7 ,.' , s . 

: ft l>. Turrt unit on end short REMOTE INHIBIT, J2-31,, to 
poww supply cointnon, J2^. Supply shdukf bo iri^ 
overvoltaBe condition. '-'V 

^ c, Remove short from J2-31 to common.. Supply should 
iftft . -I V,., return to Its Wtiel state. ; ft. -ft ■' 



ft f. Turn on sui^ and acBuet R46 until OVM reads ,±BJ6 ' 
V ,±' 0.15 V. Tltie limltB the output current to 125 mA. 
B. Turn off supply and (friconnect DVM and reeistcr. 

■ft;. ft''.ift ' -'ft '.'ft 

A-B -15 V Supply AcQuefrnent The outitot voltage 
and currant BmitinB of the - 15 V Bias Supply are adjusted as 
, 'I fOllOVW: I I '.'.ftftft'" ft 

, a. 'Turn off supply and dktconnecdaU loads, ft/. / . . ‘ 

ft b.' Connect a DVM between J2-20 ' -15 V) and J2-7 

(power supply common), ft, ; ft.';ft '' ft - '■ -v- 

c. Turn on supply and adjust R48 unta DVM reeds - 15 V 

'':±76'mV. ' ft ft ft-. ft fti ft- 

ft d. Tom off power supply arid disconnect OVM. 

> , e. Conti^ 500 6. watt resistor bdtwaen J2-20 and J2-7. 

< Connect DVM scroea this rwime. 

, on supply DVM’ reads 

' ' - 8.25 V ±0.15 V/ This Brnila'the output current to 126 ' 



■ft I, 



mA. 



B- Turn off supply arid diaconnect DVM and resistor. 



*y 



A-13 
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y.V’ 

y ■ ft', 
ftj'. V .. >. 
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iWl 

' >' ^ V 



n «•’,*■ .'jJ-:-;i 
iV- 



/|•'^!^|^•'■Jt^•;-^ -.fr-.-'.iO? iji .M- - .' • ^'‘r " ■■■■■:■■■ - V-v ^'•. •*' • ■ ■•■ '< • • ’V- !(.■’ •■' ■- < vv',:. ■ .••-i.;'»i ■-•«'v. ‘ • ••*«, i ' •. 



; 'V 



mmm 


VV 'H9fly-\ 

iK.. ' ■ i . «> , I.'- 1 


Ky;HP.;®,:7; 

Part Nb’.’y 


•'1 ^ 

Qty. 


, , DMcription ' jT ,!^,-i 


"^Mfn'7, 

Coda 




0160^3070 


•yi. 


C8p100pF,6% 300Vm(ca f ■ 


'’28480,,: 




C2,1V„ 


, 0^66-4822 


:vi 


cap lOOOpF 5% 100 V eer ’ S : 


16299- 


fr, -I'T- j A , |V 


.'C4/6 V; 

CS/ 7, 14, 18, 31 


0ie0>2639 




cap 5000pF20% lOO V eer '! 


72982 > 


. .-t ,1- . • 

•;.T.:v..^ -.- , i. 


0160^722 


.:^6; 


cap .VF -20+80% SO V cer ' 


56289 


f'li;-, • ■'■ 




0140^10- 


:'T'' 


cap 270pF 6% 300 V mica i? " ' 


284807 




CIO, 24 / 


616(M832 


yi 


cap .OImF 10% 100 V cir ; ^ , 


;16299 


•Ik ‘ i 


C12i V16, 17 M , 


0180-0406 


7:3.' 


’capyi.a^F'10% 20y ; f 

cap 330pF 5%6b0 V m ca ;i . 


,66289 






0160-2015i 1 




28480 


'• , ‘ 

V?:', r, •:. -I 


C19 ■ 


0160^)157 i 


• 1‘? 


cap 4700pF 10%,200 v'j , 7 
'cap;22jiF rIO +50% 50 V^‘ a 


562897 




C20,30, 


0180^2^- 


2 


28480 


€77^;';: 




0160-3^ ' 


:: 4 : 


. cap ,.016^F 20%^i2bpFiV' 7 V 

;cap,60(^F.'^76'i 10%'*40 vj al ' '■ 


Cp633 


.. ’'7’7- :* ■’ 


. C22,23 


0180-0^ 


• 2 


28480 




:C2B^<:^.<‘-r'wy:y, 


0180-4657 




;cap,,lMF,209^' 60 V, cerlHv J r,-' " 


16299 




C26 . 

', ■ . , .■•] - 


0180-2407 


.V17 


cap-IOOQftF +76 -10% 126 V al " 






' yy'Hy 


0160-4830 * 


yv-' 


cap 2200pF 10% 100 V car il ’ 


162W 


,■ •’' . 




0160^4833 


T 


cap .022»*F 10% 100 Vcar 7- 
cap 4.7/»F 10% 36 V 'j A; i;. ' 


16299 


xr''\ ■■ 


'\C23 


01^100 


':yi' 


56289 




;,CR1, 2, 3, 16, 17 
CR4, 8,10,11, , 
12,14,15 


1901-0327 ; 


w 


bio-pwr reel. 200 V IA A '! 


(»Rnft 


" ■■ =;? ■• 


1901:0033 ’ 


yn 


■ dioi-gen pr») ' 7 ;■ '7*' 77' "AA'7 

'dta-aw 80 V 200 mA^ : ' 


07263 


V. : /I^.v; = . 

mm 


CRS^,li 18,19 


1901-0060 




072b 

28480 




1251-8076 7 


yjy 


connector, F37-pln ^ '1 ' ' % ■ . 
relay/ reed '• ■:■■ ■■■' 4 ■ 




■;,K1i:'2 


0490-1277 


v't'2^ 


28480' 


'V-' '-A.: ;'. 


Q1-4 


1864-0823 ' 




XSTR NPN a ■ ' 7, 7 :\ 


01295: 


♦i, i"'- ''- ^ 7 ' ’ ■ 1 


QB7:'" 


1863-0234' 


’■3',' 


XSTR'PNPsi 77\ 


01295 


^ y 




0683-2016 




, rea2000 5%v.25W fc 4 


01121 


•• 

§y;. yy 


. R4-6 ■ : ;.;'rtV -'-"'i 

R7-9, 13,21 


0686:1525 V 
06834715 


3' 


:re8l;5k5% -.6W:fc' 7 7. '4 'MS/ 

rea470C^5% .25W fc \ 7 


\01121 

7p112i 


- ‘ 

yy\y -y.' ■■: 


RIO, 12 ■ 1 


0683-3366 


■ ^27, 


'res 3.3m'5%‘:25\W fc4''';.:-7 : 7' 


:qii2i 

18299 


■ 


vRlV‘-v,,i;v'. /.;■■, 


0757-0441 


l\ 


■res 8.2Sk-l%VI25W f 7 - ■ •V' '7: 




:;Rt4,38 


06834316 


'■■.2' 


)re8 430O 6%:.2SWfc-"'! -■ 4. 


01121 




RIB, 18, ’ 


0688-6631 , 


y2 ■ 


;re8 2.6k;1%'.126Wf'."7,v i.--' 


24C46 




R16, 17 


0683-1066 V 


. 2; 


res1M5% .25Wfc > ^ ' 


biiii 




;;R19;39 - . 


0813-0001 , 


2 


re8lk6%3Ww \ ’ 


01686 

0112i\ 


• '. 'T.- • . 


R20,22,42 


,0683-1036 . 


3 


res 10k 6% .25W fc \ 


y-'y; ;:v ■ 


' R23,53' 


0757-0427 


2 


res 1.6k 1% '126W f 


16299 \ 

61121 ' 


’••i ■ 


■.R24,62r:,y,;: :'V;' 


06834726 


2 


res 4.7k 5% .25Wfc ’ , \ 




''R2b.y . 


06^3336 


1 


res 33k 6% .25Wfc 


01121 V 




.RS6,--.; 


06983343 


■■■ 1' 


re8 9,k ;i% .125Wf ‘ , 


91637 ^ 


■■ ^ 


R27 ■''. ■' ■■■ ^ ■’'■ 

■ • ■ Js. 


06884168 


1 


res 100k .1% .125Wf 


28480 




R28,37 


0767-0449 


2 : 


res 20k 1% .126W f 


.91637 




R29,33 - 


0683-1635 : 


2 : 


res 16k 5% ;26W fc ' 


01121 


■ " 


RM 

R31^- ';■ 


06882715 
0683-2746 r 


1 

1 


res 2700 5% .25V> fc 
res270k6% .25Wfc 


01121 
01121 V 




R32 ' 


0767-0317, 


1 


res 1.33k 1% .12SW'f 


16299 '{ 


• . . ■ * .,1 


yR34 '■ 


06881615 


1 


res 160 6% .25W fc 7 


01121 7( 


•1 


R36 


06882725 


1 


res2.7k5% .25Wfc 


19701 




■R36' ' 


0757-0400 


1 


res 90,901% .125Wf 


16299.7 \( 




R40 , 


0757-0483 


1 

. . . ■ 


res 662kl% .125Wf 


■28480;' 
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■‘••.’U ' .0 ri"' ‘.'’f \ 

I vV' ; 
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M’" 



XX03COG102ljl(i0A 

836ribo-;^^mW 



292CZ5U104Zl)6(IC'' 

Vil A \ -'.y' .y|’'''r'.;:,.y;,i,' 

D^pKCCTRlOSM 

160bl8BX902(M'e 

,;192P4p2 ^; ;; i|[ -v 



PME27tY516 m 
CAC04X7R104M()60A\ 

CAC02iateKjfe 

CAC04X7R223l^ldpA 
160D47GX9036B2-PYS 
A14B 

FDH3369 : ' '('■ 

FDHB^av ; V/\ 

SKCCe21:'';>f'^i, 

TIP42A; , ' 

CB2015 
EB;!E^ 

CB4715' 1 ! 

CB3356 ■ ;/ 
C4-1/8-T0-8^1-P 
CB4315 
NESS ■: :7' 

CB106S/ 

T2B-79/(. 

CB1036 

C4-l/^TO-160t-F 



CMF-»1,T-9 

7 r : 



V 




, 1 '. ,• 4 ,.^ ! . 



'„ , i, 






A-14 



V'-'i 

-/■:• ■ ■ 









':h 










< ■••• ;•• V, J, : ■./<: ■■_ . •: ., ;.B .. :<; -v, • ,:• ••■ 

it ..<■«■ -■•■•■ ■ ; ; -J ' ' : ^ •_ ' '' •■ I 



Tal»l« A^.‘ R«placMhl« Parts (cont) 






Raf. > , 
Daaig: 



- HP 

Part No. :: Qty. 



Daicriptlon 



R41 . 07B7-0466 ' 1 res 100k1% .125W f 

R43^ 210(W273 1 resvar2kl0% 

R44, 46, 47 •' 1 2100^3609^ 3 res var 100 10% 25W 

, ; R46, 48^^^‘^^^ ' 2 res var ii)k 10% 

. R40 0686-22S 1" res 2.2k 6% .SWfc 

R60, 57 0767-0438 2i res 5.11k 1% .126W f 

R61 06884736 M res 47k 5% .26W tc 

R64 , A‘ 0686-1206 V 1 res 120 6% .6W fc 

• R56, 69 . 0683-1025 - 2 res Ik 6% .2SWfc 

RB6*' V ' 0683-0336 1 res 3.3Q 6% .25W fc 

R6B ' 0757-0439 1 res 6.81k 1% .125W f 

R60 0683-62351 1 res 62k 6% .25Wfc 

R61» 67 ' 0683-3305 2 res 330 6% 26W fc 

R62, 66 06880275 \ 2 res 2.70 5% 2SW fc 

R63, -,.. 0688-0064 ^ 1 res 2.15k' 1% .12SWf 

R64\ 0683-3326 1 res 3.3k 6% 26W fc 

R66 \ 0683-1626 \ 1 res 1.6k 5% .2^fc 

U1-3V V 19900732 3 Opto-lsolator 

U4-6 A 1990-0494 ' \Z Opto-lsolator 

U7/8 \ r 18200493 , \2 1C LM308A 

U9 ■ . 18600023 , XSTR Array NPN si 

UlO V 1820-1973 It IC-MC14060BCP 



R6B 0757-0439 1 res 6.81k 1% .12! 

R60 0883-6235!! 1 res 62k 696 26W 

R61,,67: ; f 0683-3306 1 2 res3306%.25W 

R62, 66 0688^ \ 2 res 2.70 6% .2S\ 

R63i. i ^ 06900084: I 1 res 2.16k’ 1% .12! 

R64\ 0683-3325 1 res 3.3k 6% 26VI 

R66 \ 0683-1525 \ 1 resi:6k6% .2^ 

U1-3V V 19900732 3 Opto-lsolator 

U4-6 A 1990-0494 ' \Z Opto-lsolator 

U7, 8 \ i 18260493 , \2 1C LM308A 

U9 '\ 18660023 , ; XSTR Array NPN 

U10 V 1820-1973 ll IC-MC14060BCP 

Ull^ 1820:1932\ l\ IC-MC14638BCP 

U12 A , 1820-2019 l\ IC-MC14684BCP 



Mfr. 

Coda 

"a 16299 
01121 . 
011211 
01121 
01121 
16299 

i 01121 
01121 
. 01121 H 
01121 ' 
16299 
01121 
01121 
01121 
16299 
01121 
01121 ' 
' 28480 

>: 28480 
27014 



U14'v , 1820-1961 

-.UIB' 18260144 

'1 ^U16, 17 : 18260049 

U18 18260016 



s U18 ^ a 18260016 ' ! 1 ICAfoltBQe Reg.VAdi., Neg. 

A 'iyRl-8,ll,14\v 19020666 10 dlo-znr20V6% , : / 

V> VR9 -v 'i, 19020^ M '■ 'dio-zrir 6.6 V 2% : , 

Y', imiO J'.'-'Y.:,. 1902-00M ■' ■' 1A’ dto-znr7.5V6%, / a'Y 

VRI 2 U' ' 19020180 ; dlo.2nr11.8V2%\ > 

VR13 Ai 19020779 'I dioiznr 11.8 V6% rf ' 
Z1 , V 18100276, / .1 res array 1.6k 2% ' ' 

Ya S '-aA'a- ' : I 1810^W . 7 .1 res array 10k 2%: vi /- 

; V . ' '■V;' '■ "i: ’■ A-ii, ' r' 



1820-1600 1 : IC-MC14093BCP 04713 

1820-1961 .1 IC-MC14023BCP ^ A 04713 

18260144 1 \IC Voltage Reg, -1-5 V ’ 07263 

18260049; 2 1C Voltage Reg., Adi., Pos. / 01296 

182^16 ' 1 ip Voltage Reg . , Adi., Neg. V 04713 



p4713 

04/13 

04713 

04713 

04713 

07263 



04713 

12964, 

28480 

04713 

04713 

01121 

01121 



Mfr. Part No. 

C4-1/8-TO-1003-F 
E4A202 . A 

E4A100 
E4A103 
EB2226 

Ci^1/8-TO-6111-F 

CB4736 

EB1206 

CB1026 

CB33G6 

C4-1/8-TO-6811-F 

CB6235 

CB3305 

CB27G6 ’ 

C4-1/8-TO-216R-F 

CB3326 

CB1626 



SL36068 
CA30B1E 
SC46023PK. 
SC42863PK ^ 

^SC46116PK 
SC46067PK 
’SC46010PK 
7805UC 
UA723CJ 
MLM2046 
SZl 1213-227 
SZ11594 

SZ3001&204 
SZ11213-161 , 
210A152 
208A103 



^/| ^ jv A 



.('YA'.;'' :■ 
4 ■ "AvV : , 



' ' ' ' A;-;. V7!\‘ - . r T ' 

;.;v: ;.t' 

■ : . A': 

. 5' '•(' ; \ ./.'Jv',,! - ^ f.1 

‘ ' I y 

■ I I 

. . ' , : ■ ' 'ii i ’1 ' 'M 

. ■ . v-‘ ■ . Y - y' 

V- A 

■■ ■ 

, :M y 

j i ' '' I ■ ■■ ' ' ■ v" : ■ 

vyYA’YY;; r.., 

' • • -I . , I.' . I 

iv.' A: ■ : A, ' 



I: ^A -16 
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:r-r?''r’' . 'ih'- "■ '■■ ■ 'P DU'", 
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W-.: ^.■:■■:y-■,^^u :v vs^,-. w-\'p. ■■ D;D^dd‘ ' 

d0012‘60006 #‘‘1-; > cat^aicy,: 16 conductor' ,-D '' ^h2BtB0h ^ 

/u; V .""'wfthconnoctorfv^'';;; :, ;^;u - 






. ymrymmm^^^ ym m. 

■ . .: .U ;.. ^ V'.;dv; ■ vflMECHANICAtf V' '5D ^ ,/'D^ yi yi -'- y:M 

p-yyyMm^^ mmymmmy ym m:. 



,;. •.'.,> ;■ • ,, -: i 



yy ■'■-ifl 



' =hmt:i{nitot (0^7) 

;-D;:!d ',i5Sl4l50;:|/ y r, ^conrlec^ ^ 

v1251;6pB8;:;/|( :'37 fc6ntact*Ka{i^'^:^D,iDyv 
\1261-W70yD ;':'-.''l ‘ :*hlM ^ hirdmre W 3^ 

;■ ' ■■, r ’ D ■' ' P**™ D- 



'13103, |.^0()25D ^ •'■^-U:D..’U|'-'M 



■I'.-; u. 



23^11 j 2 fr32Gcrawr 

06024^14 i : . bracket (J2) 






1251-5436 ; 1 ' ecrewlock F (J2) 






y-yy '■ 28480 
yyy: y 28480 

• • ■'. .»V' 



'I2B4W: yyyijy '-'^y^ y^-' 

■2M0O' / 

;'28480, . I ^ yylr' 

"2M»:v yjyyyiyyyyy y> 



-. ? ; hl'< j‘i.j Jj IJ . , 



MISCELLANEOUS 

, i 6e6j(2^0p02 1 iV 1 ‘Option 002 Manual 



■ yy :yyy- % '^r'^yyy ,:;: 



V: ■,'■ 



■> -U', 



28480 






yyy.yy Dlteuv': v"' yr\:yyyyy:yy^ %yy yy y 

, - i ,i‘ : - Via, !r': :i '.vivViV, ;,,,:;!! , yw !,:>\v ,Vv,ii:.i?l .. , 
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:y. yy yyyy-yy -yy^y yyyyyyy: ■■yy-yy': 

■ ' 'yy-yyy:yyy y yyyyyyy y-yyyy 



-yyyiy 
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Definitions ‘u ' r ^ 

High = morepbaitivel 
Low* ='.len posttiw/'- Y '■ ;'■■> 



'■}'■ I \ V. ',. 
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Hguiv A-13. Logie Symboto And Dtfinltiom 






'■-r'C- 



' - • '.■ , J. *' 



■;l'.|ndI|Mtor nnd QjMlwirj'Symbob'; ^ ' , 

'ivlfc' ; : 'v^‘;Ofl function' ‘U '■■■'■ '7 ‘ V ■ "■ 

lj\; 7 '-i,-' V . ■' 8 ta ^ K.-y-r ■",■ , t'''::i'.- v':' . ’■ 

•■V ' , any. unmarked input b level sensitive. \ ' yJ:-: - 

JJ\ JT , ' (Schmitt trigger) indicetes tiut hyitarede mbte In device, 

% A * Any hwriw iripuf or output does not carry logic Information. 

•,;i0 ■ '■ ■ opw-collai^^wopenertritterMtpiJt;:;;,3" ^ 

v^ 1UT.;7! ,^nn>no8table;(ohMhot)rTiultMI^^ 

. i^xSec , iirdicatoe pulae width (usually detertni^ 

: G A; , , : gate Input (a numbwfollowing G indicates which inputs are gated) > 

'v ■■;,(xmtrollnput(dockr ' r :>' ^ ■ ■•■■■■ 

■' ;,reset (dear) , /. ' .■ :yw0- y,:'y i'.'- . , '■ ■-■; ■ 

■^. S|r^ : 'set.;' ''"^■;v■;:;^’ - 

'ir OLO' syntsex,^ ''-/MnK5>lMSQL ^ 



rietwo^) 
are gated) 



/mf SYMBOL 



NOTES 
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Output requirm external cornponents to 
achi'^Ve logic state , ' ! 



Ay Q 

“ 


, . , - 1 . ; 

■ , .. '. ' —is. 


>A g,| 0 


. /: 






Ijn: 


■ { . ■ 

:l 

y.L 


CLR ' , 0 




ts**': li 

ft ' ■■ ' B 


’ 




ft ‘ i . y 


•■:'i _■ ' 


" 7 ^:' 


'5 c'-'; 


.'Hv 



■7';. 

,J -*T_ -, 






' , A positive^oing transition at A or 

a negative^oing transition at B triggers the 
orre-shot. External .timing components 
connect to non-l(^ic inpub: 






Output changes state rapidly regardless 
of input rate of i hange, 1 > 
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^;-v. ^V,v;-yv -' - ' UI6 :-.;- 

v.^.: u «7 

. 1 ON VOLTAGE REOULATQR PEVJCES, x.^x. xx^yxy-' 

*r BIAS FOR resulator^ hternal reference. 

« AEr«OUrPUT FI«M REIRAATOf^WrERNAL REFERENCE. 
ifoosr ouTP&r‘ control for external pass transistor. 

CS'ttJRRENT SENSE ■ 

CiiWRRENTi LIMIT - ^ i- 

' Wl'- I nVERTINO InPOT TO RBWLATOI* ERROR AMPUnER.' . ■ 
A7,« N0N-INVERT1NB INPUT TO RESULATORS ERROR AMPUFIER. 

, V'C04«P*^^ 
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Input Currant 
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A; ; in paraipapn 1-2 changa tha output poWar from "at 
1«0 Wr io " at laaat 875 VIT' and tha Ofwating'ranga to 

^j^A'trom;oto60;NrV,'o'::'^'" 

V ‘ i '-' '■ 

. ; B-10 ‘ ' lnpar89te>h1-4/theOMfvalt80a Trfo M 
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:!.fe te ' «4 _' uA ' 'A A • ' ■, ' VAA -', j ■, ■ ■ :. ' 



Bril ';;V ''SpacHndB'tiohB Changtii 

:_B-12aA;, Tabla^'- B-I:.' prbvidaa ^,8# , apa o Bc a tldna' chai'igaa for 
Option 100. Spadficadom iwtibtod inTabla B-1 aratKaaama 
:u;.;-aa thoaa'tn tha main apadficationa; TaMa 1-1. . ■ '>s ■• ■■' 

A ‘;^' ■ v ! Ar ,.:, v .-;' v ;' . 
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OVERVOLTAGE PROTECTION; 

Trip voltaga ia ac^juatiilbfo from/^^ fo 62 V. MMmum aattlng 
above output voftana to avoid folN tripping (a 1.6 V + 1% 

W' , ■ . 7 

f Y/-// :v/Yv" ?,'• ': . • -/'^ ' 

REMOTE PROGRAMMING: X/ 

Raaiatatiee Programmittg - 0 to 20630 provklaa 0 to 60 y 
and b to 26000 provldaa 0 to 10 A> V? ' 

Abcuracy: CV; 1% +3 mV CC; 26% + 15mA^^ / ' 

Voltage Programming - 0 to 4:17 V provite 0 to 60 V and 
‘ 0 fo.5 V provldaa 0 fo 10 A. , , 

Aaijir^ CV; 0.3% ,,t3 mV ^ CC; 1% + 16 mA. 

Currant Programming - 2 mA to 0 mA currant sink pro- ‘ 
>Mea 0 to 60 V vvith 20630 raaiatanea and p to 10 A vrith 25000 

''I '-^-^^ rij- n ' " " >■'••• 

rWiWK9a • ^r/'. ■■■■’• ■■■ . 

AccuracyrCV; 0.3% ‘I- 0.42 V,: t! accuracy of resistor 
' CC; 1% +0.8 A -f Bccun^of rairistor 



PROGRAMMING RESPONSE TIME: ' V 

Y ■ ' Maximum tkna for outfxit yolt^ to change from 0 V to 50 : 
V,W60Vfo 2 VandMtite widifothe ra my te la: ! 

Up: Fun Load (3.10) :X' 120 ms ^ 

’■?Y ./ Y /, No' Load /. ■/ 7 ' : /;/i20 mS ' Y 

■ Dowm:FunLoBd(3.10) / 400mS //, 

X,,"/■'^'■/''NoLoadY /■^?:,/^/:/■;:,::/t.o:s / Y ' ■' ;/v' ■:/'. 
■/'■■Y; ? ■-/■.Y.'f/'>vrY/Y^^ •YYXi/:/-: :Y.''' ' '' 'f' ' 
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MLTERS AND INDICATORS: 

Continuously leading 60 V scale viirlth aacondary scale in- 
dicating amperes available; accuracy ±3% of full scale. 

MUlJlpi^ UNIT OPERATION: ^ X7^ 

Auto-series-Up to four units (eight if canMr tapped to 
ground) may be connect^ in series to increase total output 1 
voltage to 200 Vdc (400 Vde if center tapped to ground) while 
maintaining control from a sirigle-unit.’ 
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,Br19 OPERATING INSTRUCTIONS 

! vf ■? r;^ 'H::' 'f ' 

\ . B-20 Section III Monuol Changes , , . 

^ 4 ; 9 r 2 lX'- 1 n ratal* to' 

B -1 Inttstd of 

; ;;^F!^ra‘ 34 .' Aiw[llw’ CURRB(r chingod 

from 30 A to 22 A and tha raidttaiKa frpm 1.30 to 1 . 820 . 

B- 22 ;^i 9 In Jpafiiiffri^ ^ 

! 0 . 70 ; and 25 V to 3 . 130 , 3 . 130 , > O.BEO, and 22 V ^ ' 

4 B -23 In paragra^ 3-25 change 1000 W to 676 
, alwuM alab ba dona 

4 B^ lnparbgraph 3 ^dwHto 53 voito toS 2 v^ ' 

B-X In paragraph 346 , 3 ^ 1 , ^ and 346 change 
"full , acale," or "maxIiTHim" . or "maximuip rated output “ 
.' voltage" to wad "0 to 60 V" or "0 to M A." ' 

■■■ ■■■■ .. " 
%h;j^s -v/. ■■'•■'■ I',; ;':! v, ■■■ 

B 4 I Rembta Pro^mmlng. In paragrapha 3 ^, 341 , 
®^ *nd 3 ;W to obtain di* 040 V<^ diffarantpro- 

V; graminthg 'vatuea' are now her 

, , than thbae r^irad for Conataht Currant Output. Raaiatance 
Programmhtg requlraa a 20 B 3 KO programfhlng realitance, 
Vohage P i ogranTmlng .raquIraa a 04 . 17 -V program 
. voltage and Currant contndraciuirM a 2083 KO raaiatance^ 

. a 2 mA to 0 liiA dirfant aink. Thai Constant Currant Output 
' programndng vahna for Option 100 are the i^ M thoaa 
.. ahown In the manual. ’ . 

<r B -27 In paragraph 341 change 2 S 00 Q to 20630 . 

B -28 ‘ ' In pvagraph 342 change 12500 , 30 V, 12500 , 26000 , 

' and a V tolOttO, 25 V, 10620 , 20830 , and 18.67 V. 

. ,B -29 l 9 |if^raph* 343 and 346 change" 0 to + 5 V"to 
•: "Oto + 4.17 V. , 



B-30 PRI^IPLES OF OPERAnON ^ 

B>31 Section IV Manual Chengee > 

B42 ' In paragraph 4>2, <the rafarancs IHustretion la now 
. ! figure B-2 Ineteed of figure 4-1. In figure 4-2 and paragraph 
4^, change the dc input to the fET ewftches froni epprox- 
Imatalv 300 Vdc to approximately 250 Vdc. 

B-33 MAINTENANCE 

B-34 Section V Manual Changes ’ 

; I- 

B46 In paragraph* 5-9; 6-17, c; 5-28,c; 544,f;and546,e; 

and541.c; change20 V to13.6V. i V 

' ' "i ’V*. • . . ' ■ . 1 . 

B-36 . In paragraph 64 change 3.40 to 3.130. 

B-37 In paragrapha M; 5-15,f; B4B,e; and 641,e; cha'nge 
17.6Ato16A. ' 

B48t In p«raeraphs54; 6-16, c, d, h; 5-19, e; 5 «, c; 641 , 

c; Tabl* 64,'ltr» 6 and 5-103, b, c; change 60 V to 60 V.' 

B-3B Irr paragraph 5-9 cf^^ ' ; 

V B40 In paragraphs 6-15, f; 648, e; and B 41 , e; change 
17.5, mV to 16 mV. . 

B41 In paragraph 5^19, It; thande 9 mV to 8 mV. ; 

B42 In paragraph 6^24, c; change40 V and 30 A to 36 V 
and26A. , 

B43 ' In paragraph 541 change the vahiee SO A, 3 A, 
0.1490, 1.3330, 1.4820, 30 A and 27 A to 22 A, 2.2 A, 0 . 2020 : 
1.8180, Z0200, 2 A and 19.8 A. 

B -44 In pwagraph ^ raplaca the aecohd aentence vvfth 
the foBowing; "Therefore at the aame 40 V output, the load 
would have to decraeae 0.720 from 4.000 to 3.280 to Increase 

the output current by 2.2 A from 10 A to 12.2 A." 
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figure B- 2 !. Output Charact^stlcs, Typical. Dual Rang* and Autoranging Supplies 
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■ MMIOAL CHANGES ' V' '' 

, . ‘ : Model , 6012A Supply 

, Manual HP Part No. 06012-90001, , ! 

' ‘ ", '' ' ,, 

according to errata below, then check the follow- 
ing table for your power supply serial number and enter any listed change (s)' in the 
laanual, ■ ■. . 



I . I. 



1 '■ i-'v> SERIAL ’ ■' ' 


HAKE '■ jV 


Prefix; 


'■ ■ Number 


■ CHANGES 


ALL 


V' ’ 

\' ■ ■ ■ ' 


'•■’.■'Errata ' 


1946A 


101-140 ' 


■•"'.I,.. \ 


2047A 


141-260 \ 


1:2 V'- 


2116A 


261-300 ■ 


■:, "■■1-3 ■ 


2121A 


,301-540, 


. i-5, . 8* 


2136A' 


541-680 


8* , , 


2147A 


681-770 , 


,y‘.l-7,'’8*' , 


2204A 


771-810 ■ 


■,'.l-8' ■ 


2207A , 


811-960 ' 


, 1-9, .10* 


2213A 


''961-1110, 


1-10 


222BA ' 


1111-1360 


'•'1-11 


2241A 


1361-up;, ;; 

t. . •• ‘ 

• 1 ■ 1 ' ' ' 


, ’l ■' > '■'> ' ■ 'j •* ' ■ ' 



ERRATaV' :- v,; > \ ■ 

In Paragraph 2-24, step b should also be 
performed with a full load,' as described 
^.in' otep c.,, '■ ' 

On page B-2, change INPUT POTOR' specif i-,, 
cations to: Two' internal switches and ' 

two internal jumpers permit operation 
from lOOyac (-10%, +5%), 48-63 Hz. Maxi-, 
''mum, input current is 24 A rms. ‘ Eliminate 
■ PEAK INRUSH CURRENT values for 120, 220, 
and 240 Vac. (Specifications for 120, 

220, and 240 Vac are given in Table 1-1) , 
In paragraph B-53, .change HP Part No. of 
Rl'36 to 0698-4486, R151 to 6757t0471. , 

On Figure 7-9, change R1 9 (between, 'f and 
- output lines,' just to right of i Down ■ '■ 
Programmer) to 6' k., In the Overvoltage 
Protection Circuit, the wiper of A5R4 is 
connected to J2-2. 

■ CHANGE ' Is, ■ 

In the replaceable parts list for A2 
Control Board Assembly y add CR31, > HP 
Part No. 1901-0033: add R89, IMR ±5%, HP ; 
Part No. 0^83-1055; change CR19 to HP 
Part No. 1901-0033. CR31 is mounted next 
to C31, with its anode connected to C1U9 
and its cathode connected to R57. R89 is 
mounted between the^ cathode end of CR19 
and the end of R60 closer to U6. On the 
schematic, add CR31 and R89 to the output 
of the CC Circuit as shown above. 



. . The operation of the CC Circuit is 
, '.essantially the sairte as described' in 
■Paragraphs 4-21 through 4-26, except 
that' there is an extra diode drop in 
' the. output of the CC Circuit. 



0 . 




r I 



> i 



CHANGE '''2sv: ' ' 

In, the replaceable parts’ list 'make the 
following changes:, on, page \6-3, R20 from 
' ,HP Part No. ',06012-80005 to HP Part No. 
06012 t80006: on page 6-5, R27’ from HP - 
Part No., 0698-6335 (9000) to HP 'Part No. 
0698-634,1, (7501)) . On page 6-5, RB' from 
HP Part, No. 0757-0413 (392fi) to HP'Part 
No. 0757-0^10 (301^^ , Vi 

\ Change - 3s 

In the replaceable parts list,, page 6-9/’,' , 
under Chassis Mechanical^’ add bumper feet ■ '’, 
HP Part, No. 6403-0266; qty. 3., 

');Change,. '4: '' ''..i 

In ^e replaceable parts list, page 6r8y. 

cha^nge Fan-tube axial lis, V ty HP Part 
No. 3160-0?01. (V^en; ordering a new fan ’ V,, 
the hardware listed below must be , ordered) . 
On page 6-9, ' under , 'Chassis Mec add . 

screw HP Part No. 2370-0026, qty. 4 and , 
nut HP. Part No. 0590-0653, qty. 4. . 

' Change 'Ss 

In the replaceable parts list, page 6-5, 
change R133 and R134 to 110 k, 1/8 W, 1%, 

HP Part No. 0757-0466. On page 6-7, under 
Assembly, add L2 and L3,, ferrite bead, 
HP Part No. ,9170-0894, qty. 2. 




HMTOAL changes/model . 6012A 
: MJiinjAL HF PAKT No. 06012-90001 

^Pfge;; ,, 

/ , CHANGE 6» ■ , _ 

Ih the rejilaceabie parts list, ^ i 

^er A3 FET 

FBT-dual5'T03 HP Part No. 5080 1991v 

■■■'•'■ ■' ERRATAt ' 

■ . under Sxogrmroins Msp^^ ' ' 

.SJ^n^e SS £ir.t ’ 

'r rjeo' V ”■“« ippendi* 

S,”5rdet PiJ^rk-insnesponee 

CHANGE 7t ' . 

dn page 6-8, under Main Board )MechaMcal, 

chaSt the quantity of, f 

HP part No . 1251-0600, , JL, 

Front Panel ABsembly-ltechanical, ad . 

cable assembly, ^eSlV^^^^ 

qty. 1 ^ fan cable ass^ly 

wlder.^ diJ^ectly the circu^ tojrd, 

now it is attached by' meaps.of tw wn 
‘tact , terminals. 

list, page 6-9, under Chassis-^chanxc 
add c^^le bushi^ HP;Part Np. 125^1-6532, 

,: qty. le ‘ : ' ' ' \ 

ERRATA: ^ , , 

On page 1-2, paragraph ' 

. foUoUinq Btetement bi 

kit iir u!i inch high cabil/tts. ■ (vil^ be 
' , shipped with instrument if ordered a 

■ Optira 907),." on page 5-11, V 

^d, the following section to the fl 
chart "where the first decision ; 

, appearing below is the same as the one 
appearing in the manual. 



CHANGE B: 

.'This clumge eieo WpUes to the foUoving 
aerial numbers: , ^ -< 



I in* iu »iw^ 
nin ■?.»>> 



oac« m .iim «nw ***■ 



|MU ftn « 

IctBcutn. 






PICA ua. 
ajifltwufl 



2121A- 
I 2121A- 
2136A- 
2136A- 
2136A- 
2136A* 
2136A- 
2136A- 
2136A- 
2136A' 



00327 , 

, _l 

■00600 

•00609 

•00612 

•00615-00617 

.00645 

-00563 

-00670-00672 
-QQ676-00679 ; 



2147A- 
2147A- 
2147A- 
2147A- 
2147A- 
2147A- 
2147A- 
2147A- 
2i47A- 
i 2147A 



00684 

■00687' 

■00638-00692 

•00695 > 

.006^>9, 

.00700-00703 

-00705 

-00707 

-00708 

-.00710-00717 





In the replaceable parts list, page ® 

add CR14, HP Part ^®°^;°°^ad cSV 
on the schematic Fxgu« 7-9, ^d^CW4 
across Q2, Base (cathode) to Emitter , 

(anode) . 

CHANGE 9: ^ 

in the replaceable 

change C27 to cap 3.3vF 5% 15 V HP Part 

NO.. 0180-2264. 

•CHANGE 10: 

,*ThiB change also applies to , 

serial number^. 2207A-00949, 2?07A-00 50, 
2207A-00952. Change L2 and L3 ^Ptevious y 

added -in CHANGE 5) to: 

HP Part NO. 9100-1610, qty. 2. In the 
' Sp^^eaSe parts li«t, page ^7,^;^- 
FET Assembly i change R9 to re ^ 

1 /B H, Hi* part No. 0757-0466. 

' , , • ERRATA:’. • ■ , 

In Section' II (Installation), page 2-2,, 

rak 2-18 should read: "Input power , 

! is connected to the instrument via ^ AC 
Filter Assembly on the rear 

power cord must be a three-cond^^^^ 

VotA rated for at least 85 C- ' WO 
operation eacii conductor 
(3.31mm^) or larger. For 220 V 
operation, eacb. conductor must be AWG_# 

(lo 8 mm 2 ) or larger., Larger, wire siz^^ , 

‘ nay be required 'to prevent excessive 
voltage drop in the AC input." 

' CHANGE 11: 

'In the replaceable parts ® 

change A1Q2 -to HP Part No. 

oTpage 6-8, unde^ Al Main Board Mectanical, 
delete "spacer, plastic (Q2)," HP Part No. 
1200-0181. , ; , ! 

► change 12 : 

in the replaceable parts list, page 6-7 

V cLnge R4 to HP P/N 2100-2216. 

10/11/82 

■ I. ■ ■ .. , , . ' ■ 
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